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ABSTRACT 
The work described in this thesis mainly concerns the metallation of 8-
methylquinoline and synthesis of the 8- [trimethylsilyl(methyl)] quinolinyl metal comyplexes 
of main Group 12 and 14 elements. 
Li Chapter I，the reactions of various organolithium reagents with 8-
methylquinoline are described. With the use of RLi (R =吨u，屯u，Me), 1,2-addition 
products are prepared. Results of crystal structure determination of R"Li(tmeda) (tmeda) 
(R" = NC9H7(CHSiMe3)-8-C4H7-2) are reported. The preparations of Grignard 
reagents from 8-(CH2X)C9H6N (X = Br, CI) are also described. 
Deprotonation of 8-methylquinoline by sterically hindered lithium diisopropylamide 
� occurs exclusively at the benzylic carbon atoBOL Likewise, the metallation of 8-
(CH2SiMe3)C9H6N gives the organolithium reagent [Li(tmeda){8-(CHSiMe3)C9H6N}]. 
I 
Chapter U mainly concerns the synthesis of Group 14 alkyls from the 
aforementioned organolithium reagent. Attenq)ts to react this organolithium teagent with 
diorganotin dichloride (RaSnX。； R = Me, Ph; X = CI, Br) and stannous chloride to 
produce chelating tin metal con^lexes {8-(CHSiMe3)C9H6N}SnR2Cl and Sn{8-
(CHSiMe3)C9H6N}2 are described. The X-ray structure of [{8-(CHSiMe3)C9H5N} 
SnPh2Cl] has been determined. 
\ 
The final chapter deals with the synthesis of [M{8-(CHSiMe3)C9H6N}2] (M == 
Zn, Cd) from the derived organolithium reagent. Further, in a redistribution reaction, an 
alkylcadmium halide [{8-(CHSiMe3) C9H5N} CdCl(tmeda)] is also prepared; results of its 
structure determination are described. The spectroscopic characterisations of the 
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Metallation of 8-Methylquinolme 
1.1 INTRODUCTION 
1.1.1 A Brief Review ofMetal-Alkvl Chemistry 
Organometallic chemistry is the area of chemistry dealing with compounds in 
which carbon atoms or organic groups are bounded to metal or metalloids. The earliest 
organometallic comqpoimd reported was believed to be the platinum-ethylene salt (Zeise's 
I 
salt), K+[C2H4PtCl3]-，in 1827.1 肚 followed by the investigation of tetramethyldiarsine 
by Bimsen in 1848.2 Frankland, who was skilfiil in manipulation of air-sensitive 
compounds, prepared the pyrophoiic diethylzinc in 1852,^ started the investigation of a-
\ 
bonded organometallic derivatives of main group elements (1870-1950). However, the 
emphasis was not put in the syntheses and applications of this type of conq)ounds in 
classical organic chemistry, such as the preparation of Grignard reagents, until 1900.4 
Since the discovery of ferrocene^ in 1951 by Pauson and Miller, there has been a 
flood of interests in transition-metal organometallic chemistry. Together with the 
development of new physical methods of analysis, many coicqpounds with unusual 
structures and reactivities have been found. Although it was dominated by the transition 
< - , 
metal derivatives, interests in the organometallic chemistry of main group elements also 
continued to grow. 
Nowadays, interest for organometalHcs have been found in different areas, for 
examples, bio-organometallic chemistry, environmental organometallic chemistry and 
industrial organometallic chemistry. Organometallic coir^ounds have found a large 
1 
variety of applications. About 1.5 million tons of organometallic confounds are 
produced annually. Their uses are no longer conJBned to laboratory but show large 
variety of application in industry. Ziegler-Natta catalysts (organoalimiinium-titamum 
conq)ounds) are used for the polymerisation of olefins. Tetraethyllead is used as anti-
knocking agent in gasoline. Organotin confounds are well known biocides and PVC 
stabiliser, and, organoalimunium compounds are used in the manufacture of long chain 
alcohol. In much larger scale, it is the tonage production of silicones polymer 
(organosilicon conq)oimds). Organometallic chemistry has clearly become a popular 
subject which covers a substantial spectrum of chemistry. 
I t 
1.1.2 General Considerations I 
The stability of metal alkyls is mainly determined by thermodynamic and kinetic 
factors. The former is related to the heat of formation wMch can be determined by the 
bond energies concerned. In this point, all organometallic compoimds are 
thermodynamically unstable with respect to the products of oxidation and hydrolysis. 
However, some rather thermodynamically unstable (with respect to metals and 
hydrocarbons) compounds can be isolated on the account of their kinetic stability, thus, 
without a low energy decomposition pathway. As a result, it would be an interesting 
subject to design, with evidence, new ligands which can form inherently stabilised metal 
comqplexes. 
« 
A strategy used for the synthesis of metal alkyl is to block any possible 
decomgposition pathways to the desired products. Structures of well characterised novel 
organometallic compounds have been established to show the viability of the designed 
ligand in such synthesis. 
2 
. • 
Of the various decomposition pathways, P-elimination is of prime inq)ortance.^ It 
results in the formation of a metal hydride and an olefin [Equation 1]. 
R r. R R H p r H---CH 1 CH C™^ 
V f - I 丨 " “ � M — J - L n M H ^ I 
I ^ M ^ C H j L I^M - -CH2 J CH2 2 a 
C.N = n + 1 C.N = n + 2 
[Equation 1] 
I 
Hence, P-elimination can be suppressed in metal conq)lexes having sterically 
unfavourable conformation toward cw-elinunation of olefin. Examqples are given by the •v 
thermally stable binary metal complexes with norbomyl groups7 Likewise, owing to an 
increase in rigidity through the additional chelation, bidentate alkyl ligands are more 
suitable for the purpose of stabilisation than iinidentate alkyl ligands. Bipyridyl group and 
bis(dimethylpliosphino)ethane (dirqpe) usually give unexpected stable metal complexes of 
unusual valence. 8 
Furthermore, if the central metal is coordinatively saturated or the coordination 
sites are sufficiently shielded by the bulky groups of the ligand, kinetic stability is also 
attained. Readily available vacant coordination site is necessary for decoirq)osition to 
occur. This can be illustrated by comqparing the labile, coordinatively unsaturated 
Ti(CH3)4^ with the relatively inert, sterically shielded Cr(屯 11)410 or with the 
coordinatively satutated stable methyl con^lex of the main group element lead, 
Pb(CH3)4.11 It is also the reason why ligands such as CO, PPhg and Cp fimction as 
stabilising ligands when they occupy the coordination sites. 
3 
Nevertheless, the most direct way to suppress p-elimination is to have a-donor 
ligands devoid of P-hydrogen. Examples of this kind ofligands are shown in Figure 1. 
——CH^C. ——CH^Si ——CH2—/ ) 
CH3 CH3 
SiMe3 H3C0 CH. H 3 C � CH. 
一V Si 
^ G H f " H 3 C Z < 
SiMe3 z L i ^ 
Figure 1. Ligands without P-hydrogen. 
r 
A special type of metal alkyls known as metallacycles, in which the metal is part 
of the carbocyclic ring [Figure 2]，are well known. 
I '" '• Ill I 
Me 
R P CI3WZ7/ 
3 〜 … 、 门 (Et3P)2Pt T 
Me Me 
(ref 12) (ref 13) (ref. 14) 
Figure 2, Examples of metallacycles. 
4 
Some exa啤les of bidentate ligands which are capable of forming metallacycles 
are shown in Figure 3. 
CH2' -严(SiMe3) 
, CH2 _CH(SiMe3) 
(ref. 15) (ref. 16) 
V t ^y^^ 
. . - ^ A ^ C H ； /CH CH W W 
MegSi SiMe3 
(ref 17) (ref 18) (ref. 19) 
Figure 3. Some exanq)les of bidentate ligands. 
5 
In other aspects, several research groups have prepared thermally stable 
comqplexes [Figure 4] containing fimctionalised alkyl or aryl ligands in which the ligand is 
bonded to the metal in a chelate fashion via an additional donor atom such as N, O, As 
and P. The stability of these compounds can be attributed to the rigidity, coordinatively 
saturation and the P-hydrogen stabilised ligands. 
r 1 r Me2 1 . Me A s - ^ ^ SiMe3 
rfV kAp 严 
L U � 3 L ^ J Ph2 
3 
(ref 20) (ref 21) (ref 22) 
Figure 4. Metal comqplexes with extra chelation through the substituent of the ligand. 
Among them, those metal coniplexes containing anionic nitrogen-centred ligands, 
where N-M-C ring systems were formed, have recently attracted considerable i n t e r e s t . 23 
These represent the interface between the classic coordination chemistry and 
organometallic chemistry: Several exaniples of this kind of compoimds are shown in 
Figure 5. 
6 
‘ , • • t 
“ I 
H3C 人N 丄 N � ^ N - ^ 
ML, m l , \ R 
R = H,Ph or SiMe3 R = Hor SiMe? 
‘ L = OP(NMe2)3 L = 0Et2 t (ref 24) (ref. 25) (ref 26) 
MLn MLn 
R = HorSiMe3 
(ref 27) (ref. 28) 
Figure 5. Exaniqples of metal complexes with TV f^unctionalised Hgands. (M = metal 




1.1.3 8-Metlivlqiunoline as a Ligand Precursor 
8-Methylquinolme has been used as a chelating ligand for some palladium and 
iridium conq)lexes. However, this was restricted to the cyclometallated species involving 
intramolectilar C-H activation by the S _ transition metal centres such as Pd(n) and Ir(I). 
The coordination of N to the metal centre is believed to precede the cyclometallation. 
For exairqple, cyclopalladation of 8-methylquinoline is shown in Equation 2 , 9 
. r^：^^ rvf 
^ ^ r ^ M e O H ' ' ‘ CI 
2 + 2 Na2[PdCl4] • / \ f ] + 4 N a C l + 2 H C l 
( J ； / V \ V 
CHi CH2 H 
[Equation 2] 
The con^oimd [Pd(8mq)(fi-Cl)]2 (8mq = 8-methylquinoline-C^,N) can be 
converted to other mononuclear cationic species, such as: [Pd(8mq)(NCMe)2]C104, 
[Pd(8mq)(S)2]+ (S = thf or acetone), [Pd(8mq)Cl(Ph2PCH2PPli2)]C104, 
[Pd(8mq)(bipym)]C104 (bipym = 2,2'-bipyrimidyl) and the neutral con^lex 
[Pd(8inq)(Ph2PCH2PPli2)] by appropriate nucleophilic substitution r e ac t i ons .30 
In a similar fashion, S-methylquinbline reacts smoothly with palladium (E) acetate 
in methanol, chloroform or dichloromethane at room temperature or above to give the 
metallated coir^oimd [Pd(OAc)(8mq)]2.31 
1 
8 
In 1991, Neve et al. reported the oxidative addition of 8-methylquinoline to 
[fm«5(CO)(CH3CN)Ir(PPh3)2]PF6 at high ten^erature to give cyclometaUated hydrido 
conq)lex in low }deld [Equation 3].32 
八 A 受 I 3H 
[Ir(CO)(CH3CN)(PPh3)2]PF6 + I J ^ | ^CO 
N T u pph, 
CH3 L ^ ^ � 
[Equation 3] 
1 
1.1.4 Metallation bv Oreanolitlimm Compounds 
In general, the term 'metallation' is defined as a substitution reaction in which an 
acidic hydrogen is replaced by a metal to give a metallated compound. The reaction 
between ethyllithium and fluorene represents a typical metaUation reaction, where the 
acidic hydrogen in fluorene is replaced by the lithium atom [Equation 4]. 
^ ^ ^ ^ ^ r ^ ^ 
C^HcLi + I I • \ . + 
\ n H H Li 
(pKa = 22.9) 
I [Equation 4] 
Metallation by organolithium compounds has become increasingly important in 
both organic and organometallic synthesis. The most commonly used metallating agent 
9 
is w-butyUithium. It is commercially available and can also be prepared in laboratory 
scale. Butane, the secondary product of the metaUation, escapes from the reaction 
mixture as a gas and thus tends to drive the reaction toward conviction, leading to high 
yields ofmetaUated product. In fact, other metaUating agent such as, methylUthium, t-
butyllithium, phenylHthium and lithium diisopropylamide are used quite often for synthetic 
purposes. 
It is believed that the rate of metaUation is much greater in diethyl ether than in 
hydrocarbons. Thus, such rate is greatly influenced by the electron-donating capacity of 
the solvent, and in general, it increases with Lewis basicity. The reasons for this solvent 
effect may include depolymerisation of the organoHthium conq)oimd; increase of 
carbanionic character by solvation of the metal; and the stabilisation of the transition 
N State. 3 3 
OrganoUthium coni^ounds usually form coordination con^lexes with tertiary 
amines. The introduction of a chelating tertiary amine, such as 
tetramethylethylenecUamine (tmeda) or 1,1,4,7,7-pentamethyldiethyldiethylenetriamine 
(pmdeta) during metaUation increases the activity of the metaUating agent. It results from 
an increase of solvation of the organolithium compound through chelation of the tertiary 
amine. The ionic character of the Li-C bond is also enhanced. As an illustrative example, 
a single, imsubstituted aryl group does not normally convey sufficient activation to an a-‘ \ 
methylene group for metaUation by organolithium compoimds. For exan^le, toluene is 
not easily metaUated by butyllithium. Interestingly, in the presence of tmeda, the a-




For metallation of A^-functionalised organic species, Raston and co-workers have 
established the metallation of a-picoline using ^ u L i in the presence of tmeda.^^ With 
the subsequent reaction with trimethylchlorosilane (SiMegCl)，air stable trimethylsilyl 
derivatives such as 2-(Me3 Si)CH2C5H4N and 2-(Me3Si)2CHC5H4N were obtained. 
Lithiation of these two coirqpoimds with 叩 uLi under different conditions, yielded lithium 
coiiq)lexeS of various structures and different bonding modes [Equation 5，6]对 
�uLi(1.6Minhexane) 人 �SiMe3 
‘ I |[ ； ^ Et20 "Li Li-«0Et2 
、入 CH2SMe3 ‘ 
[Equation 5] 
^ N A ^ S i M e s 
"BuLi (1-6M in hexane^ 丨� S i M e 3 
CH(SiMe3)2 (Me3Si),CH i 
” BuLi (r6M in hexane) I ^ 
+ tmeda ^ ^ ^BuLi (1 ^M in hexane) I + Et20 
vSiMeo \ 
、 和 SiMe �� 
Li 丨. SiMe3 
(tmeda) MegSi, V 
[Equation 6] 
11 
The lithium alkyl (RLi)2 [R = C(SiMe3)2C5H4N-2], was shown to be an 
excellent transferring agent in the synthesis of various novel a-bonded metal alkyls. 
Successful exan^les include the fluorescent [(CuR)2]，37 the unusual, void of electron-
deficient bonding, dimerie [(AgR)2]，38 the hypervalent five-coordinate compound 
SiRCl2Me39 and the first mononuclear homoleptic Sii(II) alkyl [SiiR2].40 Some other 
novel exan^les include the group 2 metal coni^lexes^l such as, [MgR2], [ZnR2], 
[CdR2]，[HgRll and the alkyldichloro metal-metalloid(m) species^^ like [AsROy， 
[SbRCl2] and [BiROy. 
• Similarly, the reaction of lithium cp^ lex (LiR') [R丨=CH(SiMe3)C5H4N] with 
zirconocene dichloride gave the novel mononuclear alkyl-metallocene coiiq)lexes of 
zarconium, [Zr(R')a(Ti-C5115)2:1.43 Basically，all examples demonstrated that the 
� intrinsic instabilities of the various metal alkyls are successfully stabilised by the highly 
hindered, iV-fimctionalised nature of the alkyl. 
I 
As a reference for studying the metallation of 8-methylquinoline by organolithium 
reagent, it is worthwhile to know the electronic effect of the quinoline ring system. In 
Komer's representation of quinoline [Figure 6], structure (1) is most energetically 
favourable because of the retention of two benzenoid rings. With the involvement of the 
non-bonded electron pair of the nitrogen atom, dipolar structures (4-9) exist. However, 
those structures with nitrogen carrying positive charge, like structure (9)，can be 
\ 
neglected since sp^ hybridised orbitals are required for nitrogen to take part in a six-
membered ring. Besides, among the charged structures (4-8), only (4) and (5) retain one 
of the benzenoid ring. Consequently, quinoline can be considered as a resonance 
structure mainly of structures (1) to (5) in which all retain at least one benzenoid ring. 
This interpretation implies that there is an overall higher 7r-electron density over the 
nitrogen atom at the expense of the carbon atoms，C-2 and C-4. 
12 
I 1 
(1) (2) (3) (4) (5) 
r ^ ^ Y ^ r Y ^ i fYy 
(6) (7) (8) (9) 
� Figure 6. Komer's representation ofquinoline ring system. 
The nucleophilic susceptibility ofC-2 and C-4 positions ofquinoline was revealed 
by the reaction of imsubstituted quinolines with organolithium reagents, RLi [Equation 
7]. The reaction results in the 1,4-addition of the Li+ and R" tons at the N and C-4 
position c o r r e s p o n d i n g l y 44 The 1,4-adduct, after rearrangement, leads to the 
corresponding 2-substituted 1,2-dihydro- 1-lithioquinolines, which, upon hydrolysis and 
oxidation, provides the 2-substituted quinolines. 
13 
H R 
丫 I RLi rearrangement ^ | ^ R 
Li Li 
H2O, [O] } r 
R = Phor"Bu 
^ ^ N 人 R 
[Equation 7] 
Analogous nucleophilic substitution' reaction has been found in the unsubstituted 
pyridine ring system [Equation 8] 45 However, for pyridine with methyl group attached 
at C-2 or C-4, it undergoes metallation at the substituent as in the case of a-picoline 
metallation mentioned in the last section. 
S C(CH3)3 “ � C ( C H 3 ) 3 
Li 
[Equation 幻 
It was noted that in the metallation of 2 - m e t l i y l q u i n o l i n e rt-butyllithium has 
been proved to be successM in metallating at the benzylic carbon [Equation 9], while in 
the reaction between 2-pheiiylqiiiiioline and plieiillylitliium, '^^  1,2-additioii product 
resulted [Equation 10]. 
14 
Et20 r ^ ^ ^ Y ^ r w r n PTT CH 
f I ^ + «BuLi ^ ― • + CH3CH2CH2CH3 
L X 人 OOC ^ ^ U 
^ ^ N CH3 N 
[Equation 9] 
r ^ ^ • hydrolysis 
‘ � H 
[Equation 10] 
Apparently, the reaction of S-methylquinoline and organolithimn may result in 
alkylation at the C-2 position or the desired metallation at the 8-methyl group. 
15 
I 
1.1.5 Other MethoHfi of Metallation 
1.1.5a Hrimard Reagent 
Tie use of organomagnesium halide compounds (RMgX), Grignard reagents, in 
organic and organometaUic syntheses were developed early in the century. Tlie Grignard 
reaction has proved to be one of the most versatile methods in the formation of C-C bond 
or the transfer of alkyl group (-R). Tlms，it can be used as a transfer reagent in the 
synthesis of metal alkyls. In a typical Grignard reaction, the organohalogen compound is 
slowly added to magnesium metal suspended in a polar organic solvent such as ether or 
tetrahydrotoan (thf). Since Grignard reagent is rather reactive and air-sensitive in 
nature, it is normally not isolated but used immediately. 
The major side reaction occurs in the preparation of benzylic type Grignard 
reagents is the Wurtz coupling reaction. Nevertheless, with a soluble source of 
nxagnesium, magnesium-anthracene, several inaccessible benzylic Grignard reagents 
including that of S-methylquinoline [Equation 11] have been reported.^S 
T I ： • +C14H10 




‘ • I ‘ 
Nevertheless, the synthesis of magnesium anthracene requires rather critical 
conditions and intensively treated solvent 
With only the proper selection ofhalides, pre-activation of magnesium and high 
dilution, it has been possible to prepare the di-Grignard reagent for the species 
bis(chloromethyl)benzene50 using classical method [Equationl2]. 
CI ClMg(thf)^ 





1.1.5b Halogen-Metal Interconversion 
The low temperature reaction of an organic halide with an organometallic 
compound in which the metal atom and the halogen atom exchange their places is known 
as the halogen-metal interconversion reaction. A typical exan^le can be given by the 
reaction between «-propyllithium and a-bromonaphthalene [Equation 13].51 
Br Li 
‘n-C^RnU + I I ‘ ^ ^2-C3H7Br + 
[Equation 13] 
� 
In general, the bromides of simple aromatic compounds readily undergo halogen-
metal exchange with 叩uLi to give high yield of aromatic confounds at low temperature 
(-35�C) and in short reaction period. Bromoquinoline may be converted to the 
quinolyllithium analogies by reaction with w-butyllithium. However, at higher 
temqperature, alkylation of quinoline r e s u l t e d . 5 2 
Halogen-metal interconversion is not restricted to aryl halides. Aliphatic 
bromides, like ethyl iodide [Equation 14], also undergo halogen-metal exchange reaction 
with rt-butyllithium.幻 




1.1.5c Reaction with Lithium Diisopropylamide 
One of those most widely used strong bases for deprotonation is lithium 
diisopropylamide (LDA), the conjugate base of diisopropylamine. Lithium 
diisopropylamide is sufficiently basic to form enolates from almost any carbonyl-
containing compound, yet it is sufficiently bulky to minimise its potential nucleophilicity. 
One of the example is given in Equation 15. 
‘ ‘ T 
r ^ r S i r 1 … D M E ‘ + HNPr^ + LDA • 
� [Equation 15] 
In the metallation reaction, the amide ion acts as a very powerful base towards the 
proton. Being sterically-hindered, the amide ion is not a strong nucleophile, hence, 
overall, it is a good proton abstractor. For example, the acidic proton of the alkyne can 
be replaced quantitatively by a lithium ion upon reaction with LDA [Equation 16]. 
DME i HG 三 Gtl + LDA • M：三 GU+ H N P r � 
[Equation 16] 
As discussed earlier in this chapter, the direct 2-lithiation of pyridine ring singly 
by organolithium reagent has not been successful owing to the greater ease of 1,2-
addition of the alkyllithium [Section 1.1.4 ； Equation 8]. Deprotonation at C-2 position 
19 
of the pyridine ring failed. In contrast, it has been found that, with the sterically hindered 
base lithium 2,2,6,6-tetrametliylpiperidide (LiTMP), it was possible to synthesise 2-
lithiopyridines e f f i c i e n t l y . if trimethylchlorosilane is present in situ to trap the 
aryllithiiun species, 2-tiimethylsilyl pyridine was obtained [Equation 17]. 
？ Bu LiTMP/hexane ^Bu 
I MegSia \ 
10 min, 25 ^ C ^ ] 
！ ^ 
N SiMe3 
丨‘ [Equation 17] 
\ 
I 
i - ,‘ ‘ \ 
20 
1.1.6 Aim of the Present Work 
In the present studies, 8-methylquiiioliiie and its trimethylsily-derivatives are 
selected as the precursors for ligands ( I - H I ) [Figure 7]. 
‘n"^ ‘N^"^ 
-CH2 -C ‘H - C � | i S i M e 3 
� S i M e 3 SiMe3 
( I ) (n) ( m ) 
Figure 7. Ligands derived from S-methylquinoline, 8-[trimethylsilyl(methyl)]quinoline 
and 8-|>is(trimethylsnyl)methyl]quinoline. 
With the additional chelating effect of the nitrogen in these ligands, the 
deco啤osition pathway for the metal complexes would be sterically unfavoured. 
Besides, features such as bulkiness of the ligand in shielding the metal coordination sites 
and devoid of P-hydrogen are both crucial in forming stable metal complexes. It should 
I “ J . ‘ ‘ 
also be noted that the proposed metal con^lexes formed would contain five-membered 
M-C-N heterocyclic rings, which have in principle lower ring strain than the 
corresponding four- or six-membered ring system [Figure 8]. 
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I ^ ^ ^ r ^ r r ^ f Y ^ 
^ K ^ v y 
H MLn 隱 3 n SiMe] 
Figure 8. Proposed metal complexes of 8-methylquinoline, 8-[(triinethysUyl) 
methyllquinoline and 8-[bis(trimethylsilyl)methyl]qujnoline. (M = metal centre; L 二 
ligand) 
I 
In addition, the trimethylsilyl group in the confound will behave as an indicative 
mnr probe for the characterisation of these compounds by mm. The HpophiHcity of such 
substituent group can also enhance the solubility of the metal conq)lexes in hydrocarbon 
solvent so as to facilitate their isolation and recrystallisation. 
As a consequence, the objective of this work is to prepare some main group metal 
coirqplexes derived from ligand ( I ) - ( IH ). In comparison with the aforementioned 
cyclopaUadation (Section 1.1.3)，a con^letely different strategy is used. The ligand 
precusor 8-methylquinoline is regarded as an organic acid, RH and its metallation 
reaction with an appropriate organolithium reagent, R'Li, the benzylic proton in 8-
methylquinoline is expected to be replaced by the lithium atom [Equation 18]. The 
lithium confound derived is used as transfer reagent, for the reaction with metal halide, 
MX, to give the desire main group metal con^lex^ RM. The reaction is known as 
metathesis [Equation 19] and lithium halide is precipitated out as an inorganic salt. 
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Metallation: … . … R'Li + RH • RLi + R'H ^ 
[Equation 18] 
Metathesis: . RLi + MX • RM + LiX ^ . 
[Equation 19] 
First of all, «-butyllithium in the presence of tmeda will be atten^ted to give 
crystalline product for structure determination by X-ray crystaUography. In order to 
filrther illustrate the reaction pathway, the experimental results are to be extended to 
various commercially available lithium reagents such as methylHthium and tert-
butyllithium. 
For the synthesis of Griganard reagents, a thf solution of 8-
(bromometliyl)quinolme or 8-(chloromethyl)quinoline is attempted to react with a stirring 
thf solution of magnesium-anthracene or suspended magnesium powder and 
trimethylchlorosilane in the context of the synthesis of 84(trimethylsilyl)methyl]quinoline. 
Furthermore, a low tecqperature halogen-metal exchange reaction will also be 
a t tes ted for 8-(bromomethyl)quiiiolme in the hope of metallating the methyl 
substituent. 
Lastly, atten^ts to deprotonate the benzylic proton specifically on the methyl 
substituent of 8-methylquinoline using LDA will be investigated. By virtue of the bulky 
nature ofLDA, it is hoped that 1,2-additioii reaction reaction can be prevented. 
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1.2 RESULTS AND DISCUSSION 
Synthesis of S-Methvlquinoline 
The starting material 8-methylquinoline is commercially available and it can also 
be prepared in a large scale (»70g per experiment) by the method derived from that of 
Skraup and c o w o r k e r s ^ ^ . In this preparation, o-toluidine was heated with glycerol, 
sulphuric acid and an oxidising agent - iodine. The reaction can be explained as an acid 
catalysed elimination of water from glycerol to give acrolein. Then, a Michael addition of 
otoluidine across the vinyl group of the acrolein gives 3-(o-toluidiiio)propanal, which is 
followed by the ring closure by electrophiHc attack, elimination of water to 1,2-dihydro-
S-methylquinoline and subsequent oxidation to the aromatic heterocycle by iodine. 
After the reaction, the mixture was made alkaline with an aqueous sodium 
hydroxide solution. Steam distiUation was en^loyed to remove the inorganic in^urities. 
Crude 8-methylquinoline was obtained after ether extraction of the distillate. In order to 
remove the unreacted toluidine present, advantage was taken of the fact that B-
methylquinoline chlorozincate was insoluble in water and was crystallised out. Whilst, 
under the same condition o-toluidine chlorozincate remained in solution. After the 
subsequent isolation of the crystals, solvation in a base, ether extraction and the final 
vaccum distillation, pure colourless quinoline was obtained. ^H mnr and 1 3 � n m r 
spectra were recorded and coni^ared with the commercial sample. The preparation and 
experimental conditions are shown in Scheme 1. 
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conc. H2SO4 
CH2(0H)CH(0H)CH2(0H) • CH? 二 CH—CHO 
+ L ^ 
CH3 H 
H 
0 = c [ � g - y H 1 HO H 
‘ I N � i I 
广 „ I L CH. H � CHq H CH3 H 3 J 
- H 2 0 12 f V ^ 
一 S A ^ J 一 V ^ N 
CH3 H CH3 
(crude) 
(i) 
((CioHiiN)+)2(2nCl4)(;) L A ^ J 
CH3 1 . - • 
又 (pure) 
Scheme 1. Preparation of S-methylquinoline; work up procedures: (i) 1. steam 
distillation; 2. ether extraction and concentration; 3. dissolved in dil. HCl; 4. excess 




1.2.1 Reactions of 8-Methvlauinoline with Organolithium Reagents 
(fl) ttftflciinti with A2-BuLi I tmeda 
The reactions of 8-methylquinoline with one equivalent of 叩uLi and tmeda in 
hexane led to the formation of the 1,2-addition conq)ound, 2-«-butyl-1,2-dihydro-1_ 
Uthio-S-methylquinoline, (1) (Scheme 2). Upon quenching with trimethylchlorosilane, it 
gave the 2-«-butyl- 1,2-dihydro- l-trimethylsilyl-S-methylquinoline (2). 
‘ Treatment of (2) with a further eqi^alent of "BuLi in the presence of tmeda, 
gave dark black-red crystalline product (3) in 37% yield. A 1,4-silyl-migration was 
proposed to take place before the C-9 metallation of (2). Similar unusual rearrangement 
� (1,4-silyl-migration) had been observed in the lithiation of 9,9-bis(trimethylsilyl)-9,10-
dihydroanthracene [Equation 20]56 where it was observed that the trimethylsilyl group 
and the proton had exchanged their positions. 
Me3Si SiMe3 
MegSi U 
\ [Equation 20] 
Suiprisingly, from the X-ray structure determination of the lithiated complex (3), 
it4s shown that there is an attachment of a but-2-enyl group rather than a butyl group at 
the C-2 position [(4)，Figure 9]. Since it is commonly known that «-butenyl lithium ((3-
elimination product of 叩uLi) is present 招 the minor quantity in the commercially 
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‘ > 
available 叩uU it is not unreasonable to suggest that the 1,2-attack of this minor 
reactant on S-methylquinoline resulted in a small quantity of this unexpected compound 
to be prepared and picked accidentally for X-ray structure determination. 
Compounds (2) and (3) were characterised by ^H nmr and l^C nmr and (2) was 
also analysed by mass spectrometry and FTIR spectroscopy. In the NMR spectra of 
these two 1,2-addition compounds, although not clearly resolved, it is noted that the 
splitting pattern of the remained ring protons differed markedly from the aromatic 
qumolinyl protons in S-methylquinoline. As in compoimd (2), the appearance of two 
ethylene proton signal at 5 3.4 and 4.5 gave strong indication of the loss of aromaticity. 
The unresolved multiplet at 5 0.9-1.9 represented aliphatic protons of the butyl group 
attached. 
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Li CH3 Li CH3 
(1) 
(ii) � 
• n •- ，' 
乂 V 乂 V 
SiMe^ CH^ SiMe^ CH^ 
(major product) (minor product) 
(iii) 
(iii) w 
r 下’ ^ 
T H � 丄 '• 
？丁 ：^  CHSiMe3 
H C"HSiMe3 ^ 
Li^ Li^ 
Me2N NM62 Me2N\ 广 e ! 
(3) -tmeda (4) 
37 % yield ( negligible yield, X-ray structure determined) 
Scheme 2. The proposed reaction pathway for the synthesis of the compound (4); (i) 1 
«BuLi (tmeda), hexane, ca. 0�C，2h, ca. 20�C，4h; (ii) SiMegCl，ca. 0�C at addition, ca. 
20°C，16h; (iii) 1 "BuLi (tmeda), hexane, ca 0�C, Ih  ca. 20�C，16h. 
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(b) Mnlpniihr Structure of RLiftmedaWtmeda), R 二 NCQH7(£HSiMg3H^4H7捕 
The proposed structural fommla and reaction pathway for confound (4) was 
mainly dependent on the crystal structure [Figure 9] determined by X-ray diffraction 
method*. Confound (4) was crystallised with unit cell parameter a = 6.832A, b = 
14 g09A, c = 13.557A^ p = 90° and Z = 4. Selected bond lengths and bond angles are 
shown in Table 1. 
Table 1. Selected bond distances (A) and angles ( � ) for (4)* 
Distances (A) 
Butenyl group Quinolinyl ring 
C(8)-C(14) 1.47(2) N(l)-C(9) 1.42(1) Li(l)-N(l) 2.03(2) 
C(14)-C(15) 1.55(2) C(9)-C(5) 1.45(2) U(l)-C{9) 2.34(2) 
C(15)-C(16) 1.35(3) C(5)-C(6) 1.42(4) Li(l)-C(l) 2.48(2) 
C(16)-C(17) 1.42(2) C(6)-C(7) 1.33 � Li(l)-C(10) 2.33 � 
C(7)-C(8) 1.58(2) C(l)-C(9) 1.45(2) 
C(8)-N(l) 1.49(1) C(l)-C(10) 1.47(2) 
Angle ( � ) 
Butenyl group Quinolinyl ring 
C(7)-C(8)-C(14) 112(1) N(l)-C(8)-C(7) 113(1) 
C(8)-C(14)-C(15) 114(1) C(6)-C(7)-C(8) 120(1) 
C(14)-C(15)-C(16) 121(2) C(5)-C(6).C(7) 125(1) 
C(15)-C(16)-C(17) 138(2) C(5)-C(9)-N(l) 124(1) 
C(8)-N(l)-C(9) 118(1) 
* The crystal structure determinations of these compounds were carried out by Prof. Thomas C. W. Mak 
at Chemistry Department, C.U.H.K. The crystals are extremely air sensitive and were mounted and 




































Co卿ound (4) was showa to have a novel ri^-aza-allyl ligand geometry in which 
the lithium atom was right above the plane of a distorted quinoline ring. The Li-C bond 
distances between U{iy and C(l)，C(9) or C(10) were almost of equal length. It served 
as an interesting example ofaTi complex of main group elements _ a group of confounds 
which have been recently reviewed;?. 
The shortening of bond length between C(15)-C(16) together with the widened 
bond angles for C(14)-C(15)-C(16) and C(15)-C(16)-C(17) suggested that C(15) and 
C(16) is consistent to be a double bond. 
t 
Besides, the bond angle of 112�for C(7)-C(8)-C(14) and 113� for C(7)-C(8)-
N(l) were both so close to the 109.5�that it would give a further indication of a 
,� tetrahedral arrangement at C(8). In con^aring with the established X-ray crystaUography 
of copper 8 - h y d r o x y q u i n o l i n a t e 5 8 [Figure 10], it was not difficult to observe the loss of 
aromaticity at the pyridyl ring as in the proposed structural formula. The bond length of 
the N(l)-C(8) in confound (4) was 1.49(2) A and is close to a single bond distance 





Figure 10. Selected bond lengths (A) for copper 8-hydroxyquinolinate. 
* Numbering system in X-ray data is used throughout the section of Molecular Structure. 
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(c) Addition Reactions for S-Methvlquinoline 
The reactions of organolithium reagents with 8-methylquinoline under the 
conditions studied are illustrated in Scheme 3. The reagents were ranging from the 
stericaUy less bulky methyllithium, «-butyllithium to the most bulky ^butyUithiiun. In this 
series of reactions, the organolithium reagents were added dropwisely to a stirred mixture 
8-metliylquiiioline 油d tmeda in diethyl ether. The reaction products were hydrolysed 
careMy with water after the lithiation of substrate and analysed. 
. It was found that 1,2-addition prqducts, 2-alkyl- l,2-diliydro-8-metliylqumolmes, 
were obtained in all cases. In order to have sinq)ler ^H nmr spectrum, nitrobenzene was 
used as a hydride acceptor and the above 1,2-addition products were oxidised to 
.. aromatic 2,8-dimethylquinolme, 2-«-butyl-8-methylquinoline and 2-^butyl-8-
methylquinoline, respectively. The products were characterised by their ^H nmr spectra. 
From the above experiments, it is found that despite the fact that the benzylic 
protons at the C-9 position of S-methylquinoline were seemed to be more acidic, direct 
metallation of S-methylquinoline at its methyl substituent using simple organolithium 
reagents were unsuccessful. Instead, a 1,2-addition of organolithium reagent to the 
azomethine linkage of the quinoline ring system was obtained. The mechanism of such 
nucleophilic substitution is illustrated in Figure 11. 
\ 
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I (^) ’ I 
H3C 入 
• H i 3 / Li CH^ CH^ ^ ‘ ( 5 ) ‘ 
H I 丨 BU N Y ^ ,� Li CH3 ^ CH3 
(7) 3 
Scheme 3. 1,2-Addition of organolithium reagent to 8-methylquinoline. (i) 1 MeLi, 1 
tmeda, Et20, 0�C; (ii) 1 吨uU 1 tmeda, Et20, 0�C; (iii) 1 ^uLi, 1 tmeda, Et20, 0�C; 
(iv) H2O; nitrobenzene, reflux, Ih. 
'1 - / \ 
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AZOMBTHINE LINKAGE: 
Here the double bond character is strongly 
( H N ^ ^ owing to the stabe 'two beozeaoid ring' 
— structure. 
ie. Nucleophilic attack : 
1+ CH3 u 
Figure 11. Nucleophilic addition to the azomethine linkage (c.f. to carbonyl group) of 
8-methyquinoline 
The reaction of compound (7) with 叩uLi in diethyl ether at 0°C, metallation was 
shown to occur at the S-methyl substituent owing to the steric hindrance at C-2 position. 
The result was identified by quenching the reaction mixture with chlorotrimetliylsilaiie to ’ 
give the air stable compound (8). The reaction is shown in Scheme 4 and the I h nmr 
spectrum of (8) was recorded*. 
I 
(i) r ^ ^ T ^ (ii) 
\ CHo \ CHoLi \ \ 
(7) (8) SiMe3 
Scheme 4. Metallation of 2-^butyl-8-methylquinoline. (i) 1 "BuLi (1.6M)，Et20, ca. 
20�C，2h; (ii) excess SiMesCl, ca. 0�C，8h. 
* See Appendix II, Figure 24. 
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1.2.2 Synthesis of Grignard Reagent 
In the reaction between magnesium powder and anthracene, no desired product 
was obtained [Equation 21]. The imsuccessfulness of the reaction can only be explained 
by the quality of the material used. For example, the intensively treated thf required 
(refluxed for several hours over catalytically prepared MgH2, distilled, refluxed over 
MgEt2 and distilled again)49 is not easily achieved in the present experimental 
conditions. Furthermore, the required high grade magnesium powder [50 mesh, 99.3% 
content, particle size between 0.08 and 0.3 mm (99.7%)] and the Analytical Grade, 99% 
pure anthracene are also not easily available. 
T T +Mg ^ • I Mg(tlL|)3 
room tempreture, 48 h. 
[equation 21] 
In conq)arison，the classical Grignard reaction sliown in Scheme 5 gives results. 
The starting material 8-(bromoiiiethyl)quiiioline was prepared in good yield (91%) by 
bromination of S-methylquinoline using A'-bromosucciniinide (NBS). The reaction was 
carried out in tetrachloromethane at refluxing temperature. A small amount of dibenzoyl 
peroxide, a free radical initiator, was required to start the reaction. After recrystallisation 
from hexane, 8-(bromomethyl)quinoline was obtained as pale beige needle shape crystals. 
The 1h and l^C nmr spectra of (9) were recorded. The down field shift of CH2 signals 
were due to the more electronegative bromine atom. It had been shown that59 some 
difficultly accessed Grignard reagents can be prepared in higher yield from 
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organochlorides rather than bromides {c.f. Equations 22 and Equation 23). Thus, by 
stirring the bromo compoimd with anhydrous lithium chloride in DMF, 8-




CI ( _ n M g 
CI Mg(thf)„ 
[Equation 23] 
In our experiment, the in situ Grignard reaction of 8-(bromomethyl)qiiinoline (9) 
with SiMesCl yielded only small quantities of desired product and attempts to purify it 
was unsuccessful. Using the same conditions as for bromide, the chloride (10) provided 
9 % yield of 84(trimethylsilyl)metliyl]quiiioliiie (11) after column chromatography over 
alumina. Although the yield was too low for synthetic purpose, it was sufficient for 
characterisation by ^H nmr, l^c nmr and mass spectra. Similar experimental results 
were obtained if solid MesSnCl was used instead of SiMesCl. The I r mnr spectrum of 
(12) showed tin satellites (CH2-Sniwi9) = 82.83Hz; 
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(Snn7’ii9_cH3) 二 67.1 IHz]* due to 1 ^ '^ Sn and 1 l^Sn coupling. It indicates the presence 
of Sn-C bonds in the compound. 
Nevertheless, the aforementioned Grignard reactions were dominated by 
oligomerisation in which insoluble orange solids were obtained in large quantity. It might 
be explained by the stepwise 1,2-additioii of the Grignard reagent to the azomethine 
linkage of quinoliue ring system. 
. \ / I 
t 
^ I 
* The given values are the average values for Sn"^ and Sn"' coupling. 
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(i) ^ (迅）一 unidentified insoluble oligomer 












Scheme 5. In situ Grignard reaction to 8-[(trimethylsilyl)methyl]quinoline (11). (i) 
NBS，dibenzoyl peroxide, CCI4, reflux, 4h; (ii) LiCl(s)，DMF, ca 20�C，2h. (iii) Mg， 
SiMesCl, thf； ca 20°C，16h. (iv) Mg, SnMesCl, th^ ca 20°C, 16h. 
1.2.3 Attenyted Metal-Halogen Exchange Reaction at Low Tempreture 
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The metal halogen exchange reaction of (9) with "BuLi is illustrated in Equation 
24. Upon slow addition of an equivalent of 叩uLi to a stirred hexane mixture of 
compound (9) at -78°C, a nucleophilic substitution was shown to occur at the methyl 
subsituent to furnish 8-«-pentylquiiioline (13). The situation was explained by the fact 
that both the bromine atom and aromatic ring are good electron withdrawing groups. As 
a result, the benzylic carbon would become slightly positively charged. Without a less 
susceptible electrophilic centre, nucleophilic substituation takes place there. 
； •、 
/ 1 1 
(i) r ^ ^ ^ ^ Y ^ ^ 
CH2Br CH2CH2CH2CH2CH3 (9) (13) 
Equation 24. Nucleophilic attack to 8-(bromomethyl)quinoline. (i) '^uLi, hexane , , 
-78�C, Ih. �‘ 
‘ I 'I 
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1.2.4 Metallation of 8-Methvlauinoline bv Lithium Diisopropvlamide (LDA) 
Lithium diisopropylamide (LDA) was freshly prepared by treating 
diisopropylamine with one equivalent of«-butyllithium in diethyl ether [Equation 25]. 
Et^ O 
[(CH.)oCH]2NH + n-C.llgU • [(CH3)2CH]2N Li + n-C^U^Q o�c 
[Equation 25] 
The reaction of freshly prepared LDA with S-methylquinoline was carried out at 
-78�C in ethereal solvent (Scheme 6). LDA functioned as a strong but somewhat 
stericaUy-hindered base that resulted in selective deprotonation. The benzylic proton at 
the methyl carbon of S-methylquinoline was found to be replaced by lithium to give 
species (14). In the subsequent reaction with SiMesCl, tlie compound (11) was obtained 
in 91% yield，as a colourless oil upon distillation at reduced pressure. It should be stated ‘ 
that, unlike the stepwise metaUations ofa-picoline by butylMiium^35 the reaction was so 
clean that mono-Uthiated species was formed exclusively. It was found that addition of 
LDA in the synthesis must be done slowly and at low tempreture (-78°C). Otherwise, 
"I 
unpredicted side-reactions will dominate. 
Despite the use of LDA for deprotonation reaction being very common, the 
resulting lithiated species are seldom isolated for characterisation and for multi-step 
synthesis, instead, they were treated as intermediates for subsequent reactions. However, 
in the present study, metallation of 84(trimethylsnyl)methyl]qumoliiie (11)，with the use 
of 1:1 molar ratio of LDA to tmeda in Et20, dark blue crystalline lithium complex (15) 
was isolated in good yield. Isolation prior to subsequent reactions offers the advantage 
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of having subsequent products void of contamination of solvent soluble reactants or side 
products. 
Owing to the extremely air sensitive nature of (15), the I r nmr of a pure 
compound (15) was not recorded due to the presence of some deconiposed product (11). 
Despite single crystals being grown for structure determination, a satisfactory X-ray 
crystallographic result was still not obtained. Nevertheless, the mass spectrum, elemental 
analysis and ^H nmr spectrum are consistent with the structure shown. 
Subsequent reaction of (15) with MesSiCl gave (16)，a potential ligand precursor 
for metal alkyl complexes. With the additional directing effect of TMS group, the 
metallation will be even more smooth and facile. Compound (16) was characterised by 
its elemental analysis, ^H nmr and mass spectrum. 
The 1h mm of confound (16) resembled more or less to that of confound (11), 
doublets of doublet at 5 7.29-8.86 indicated the quinolinyl protons. The singlet at 5 3.65 
was assigned to the methine proton and the integration of the signal at 5 0 was consistent 
with two TMS groups at the benzylic carbon. 
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CHo CH2Li CH2SiMe3 
(14) (11) 
(U) ^ SiMe3 
(15) 
} f \ 
’ ^J^ iSiMe3 , 
H � s i M e 3 
(16) 
Scheme 6. MetaUation of 8-meUiylqumoline by lithium dusopropylamide. (i) LDA, 
Et20, ca. -78�C，Ih; (ii) SiMesCl, ca. -78�C，Ih, t en 20�C 16h; (iii) LDA, tmeda, 
Et20，ca. -78�C, 2h, then, ca. -20X, 48h for crystalUsation, (15) being less soluble in 
ether and crystallises out. 
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1.2 EXPERIMENTAL* FOR CHAPTER 1 
8-MethylqiiinoUne5 5 
To a 2 L three-necked flask fitted with a double surface condenser, a stirrer bar, 
a 200 ml dropping fiumel and a screw adapter carrying a thermometer, was added o-
toluidine (91.8g，0.86 mol), glycerol (120.0g, 1.3 mol) and iodine (4.0g，16 mmol). The 
reaction mixture was stirred and concentrated sulphuric acid (240.Og, 2.5 mol) was 
added gradually. After stirring at 170�C for 4 h, it was allowed to cool to ambient 
tenq)erature. A NaOH solution (350 ml, 5M) was then added slowly with care to render 
the mixture alkaline. The apparatus was rearranged for steam distillation and the product 
was steam distilled. The distillate was extracted with three 200 ml portions of ether and 
then concentrated on a rotary evaporator. 
The crude quinoline was dissolved in 800 ml dilute hydrochloric acid (1:4 by 
volume) and then warmed to 60°C with stirring. A solution of zinc chloride (104g, 760 . 
mmol) in 180 ml dilute hydrochloric acid was then added to the reaction mixture. This 
was then cooled until crystalline confound was obtained. The bis-8-methyquinoliniiim 
tetrachlorozincate that crystallised out was suction filtered, washed with two 80 ml 
portions of dilute hydrochloric acid and then dissolved completely in a minium amount of 
10 % NaOH solution. The quinoline was extracted with three 200 ml portion of ether in 
a separating fiinnel and the combined ethereal extracts was dried with anhydrous calcium 
sulphate. Concentration on a rotary evaporator and then distillation over NaOH pellets 
at reduced pressure afforded pure 8-metliylquinoline** • Yield 69.8g (57%); b.p. 74 C 
at 0.03 mmHg (b.p. of commercial sanq)le 143�C / 34 mmHg). 
* See Appendix I for general procedures. 
*孝 8-Methylquinoline purchased from Aldrich was removed for the trace amount of stabiliser and 
moisture by vaccum distillation over sodium hydroxide before using as reference standard in 
spectroscopic study, 
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Mass spectrum (m/e) : 143 [M]+, 115 [^-€2^4]+; 
1H NMR (CDCI3, 250 MHz): 2.81 (br s, 3H), 7.36 (dd，J = 8.3, 4.2 Hz, IH), 
7.38-7.44 (m, IH), 7.54 (d，J= 7.0 Hz, IH), 7.64 (d, J = 8.0 Hz, IH), 8.09 (dd，15.0， 
1.8 Hz, IH), 8.93 (dd, J = 4.2，1.8 Hz, IH); 
13c NMR (CDCI3，250 MHz): 5 18.0，121.2，126.1，126.8, 129.1, 130.3, 135.7, 
137.1，148.4，149.8. 
• \ , 
/ I 
2-^Butyl-l,2-dihydro-l-trimethylsayl-8-methylquinoline, (2) 
A 250 ml three-necked round bottom flask equipped with » nitrogen source, 
dropping fimnel and stopper was evacuated and filled with nitrogen; such flushing was 
repeated for three times. A solution of 8-methylquinoline (10.4g, 0.07 mol) and tmeda 
(9g, 80 mmol) in hexane was pipetted into the flask. ^ u L i (50 ml, 1.6M in hexane, 0.08 
mol) was then added dropwisely to the mixture with stirring at 0°C over ca. 2 h. The 
resulting red suspension was allowed to warm to ambient temperature {ca 20�C) and , 
stirred for 4 h. Excess MegSiCl (17g, 160 mmol) was added dropwisely at 0 The 
mixture was then stirred for another 16 h at ambient temperature before dissolution in 
100 ml 5M sodium hydroxide aqueous solution. After separation, the aqueous layer was 
extracted with three 50 ml portions of diethyl ether. The combined organic fractions was 
concentrated in a rotary evaporator before vacuum distillation to afford the title 
compound. Yield 25.6g (77 %); b.p. 118-121°C at 0.03 nmiHg. 
Mass spectrum (m/e): 273 [M]+ 258 [M-CH3]+，216 [M-C4H9]+，143 [M-
C4H9-SiMe3]+, 73 [SiMe3]+. 
lHNMR(CDCl3, 60 MHz)*: 5 0.2 (s, 9H)，0.9-1.9 (m, 9H), 2.0 (s, 3H), 3.0 (s, 
IH), 3.4-3.5 (m, IH), 4.3-4.6 (m, IH), 5.5-5.7 (m, IH), 6.3-6.9 (m, 3H); 
* The ^H nmr spectrum of this compound is too complicate to be further resolved. 
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13c NMR (CDCI3, 250 MHz): 5 0.2，12.1，14.4，16.8, 21.0, 25.3, 30.0，35.9， 
50.1，115.2, 121.8，123.0, 127.0，128.2，133.1; 
IR (KBr peUet) (cm-l): 3033，2956，2929, 2872, 1615, 1613，1464，1432，1251， 
1221，1205，1094, 1059, 1035, 975，921, 902，975, 921，902，839，806，793, 757, 718. 
LiR(tmeda).tmeda，where R = NC9H7(CHSiMe3)-8-C4H9-2% (3) 
To an ice cooled hexane solution of (2) (3.0g, 11.0 mmol) and tmeda (2.5g，21.9 
nunol) was added dropwisely 叩 uLi (7.5 ml,1.6Min hexane; 12.1 mmol). Hie resulting 
dark red solution was kept at room temperature and after 18 h dark red crystals of the 
title compound were obtained. They wer^ thea filtered, washed with two 10 ml portions 
of cold (ca. -20�C) pentane and dried in vacuo. Yield 2.1g (37 %); decoinposition temp. 
147�C. 
1HNMR(C6D6, 250 MHz)**: 5 0.00 (s, 9H)，0.55-1.43 (m, 9H), 1.44-1.75 (m, 
32H), 2.64 (s, IH), 4.05-4.10 (m, IH), 5.25-5.35 (m, IH), 6.10-6.20 (m, IH)，6.42-6.50 
(m, IH), 6.78-6.90 (m, IH); 
13c NMR (C6D6, 250 MHz): 5 -0.2，3.4，14.7, 29.4，31.9, 45.7，57.5, 59.1， 
61.2, 111，111.2, 113.5，125.6, 130.3. 
* I 
I 
2-«-Butyl -8- inethylqui i io lme, (6) 
To an ice cooled ethereal solution of S-methylquinoline (5.0g, 34.9 mmol) and 
tmeda (4.1g, 34.9 mmol) in a three necked flask，was added dropxvisely 叩uLi solution 
(21.8 m U . 6 M in hexane; 34.9 mmol) at 0�C. Hie resulting red solution was allowed to 
二 _ lieated structure of this compound its 1H s p e c : is 
n � ? T l S 二 and integrated, however, the X-ray structure [Figure 9] of Compound � is 
determined for reference. 
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stir at room temperature for 4 h. It was then hydrolysed by 10 ml of distilled water, 
stirred for another 4 h and extracted with two 100 ml portions of ether. The combined 
ether layers was concentrated on a rotary evaporator. Excess nitrobenzene (about 10 ml) 
was then added and the solution was heated for 1 h over an oil bath at 190°C. Hexane 
(20 ml) was then added to the mixture and the product was extracted with two 25 ml 
portions of dilute HCl (2N). The acid layers were combined and neutralised with 50 ml 
NaOH (5N). The oily organic layer formed was re-extracted with two 50 nil and two 
portions of hexane. The extracts \yere dried with anhydrous MgS04(s)，filtered and the 
solvent was removed by rotary evaporator. The title compound was obtained by 
distillation at reduced pressure; yield 5.6g (81 %); b.p. 89�C at 0.03 minHg. 
Mass spectrum (m/e): 198 [M-l]+ 184 [M-CHs]^ 157 [M-C3H6]+; 
iH NMR (CDCI3, 250 MHz): 5, J (Hz) 0.74 (t, J = 7.5 Hz, 3H), 1.10-1.25 (m, 
2H), 1.51-1.63 (m, 2H), 2.55 (s, 3H)，2.71 ( t , J = 7.5 Hz, 2H), 6.94 ( d , J = 8.4 Hz, IH)， 
7.07 ( d， 7 . 6 Hz, IH), 7.25 (d，J= 17.5 Hz, IH), 7.28 (d，J= 18.7 Hz, IH), 7.68 (d， 
8.4 Hz, IH). , 
2,8-Dimethylquinoliiie, (5) 
The procedure was the same as for the synthesis of (6). S-Methylquinoline (5.0g, 
I 
34.9 mmol), tmeda (4.1g, 34.9 mmol) and MeLi (21.8 ml, 1.6 M in hexane; 34.9 mmol) 
were used. Clear orange oil of the title compound was obtained after similar oxidation 
and isolation; yield 5.7g (82 %); b.p. 89�C at 0.03 mmHg (b.p. of commercial sample 
103-104°C / 5 mmHg). 
Mass spectrum (m/e): 157 [M]+ 142 [M-CHs]^ 115 [M-C3H6]+ 




The procedure was the same as for the synthesis of (6). S-Methylquinoline (5.0g, 
34.9 mmol), tmeda (4.1g, 34.9 mmol) and MeLi (21.8 ml, 1.6 M in hexane; 34.9 mmol) 
were used. Clear yellow oil of the title compound was obtained after similar oxidation 
and isolation; yield 6. Ig (88 %); b.p. 82�C at 0.03 mmHg. 
Mass spectrum (m/e): 199 [M]+ 184 [M-CH3]+，157 {M-C^ReV' 
iH NMR (CDCI3, 250 MPz): 5 1.22 (s,稱)，2.54 (s, 3H), 7.07-7.17 (m, 2H), 
7.22-7.3l(m, 2H), 7.74 (d, J= 8.5 Hz, IH); 
13c NMR (CDCI3, 250 MHz): 5 18.3, 30.9，39.1, 118.3, 125.8，126.0, 126.9, 
129.7, 136.6，138.1，146.9, 168.5. 
2-^Butyl-8-[(trimethylsilyl)methyl]qumolme, (8) 
To a solution of (7) (0.58g, 29 mmol) in ether was added 叩uLi solution (2ml, 
1.6M in hexane, 32 mmol) at 0°C. The mixture turned dark gradually and a deep brown 
mixture was obtained. It was then stirred for a further 2h and an excess of MegSiCl 
(about 0.5 ml) was added at 0�C. The pale yellow suspension formed overnight at room 
ten^erature was added dilute NapH solution (2M, 20 ml) was added and the resulting 
solution was extracted with two 30 ml portions of Et20. The combined organic layer 
was dried over anhydrous MgS04(s). Filtration, concentration and column 
chromatography over alumina afforded the clear pale yellow oil of the title compound in 
the first fraction of the lie 脚 e-ether eluent. Yield 0.81g(11.5 %). 
iR NMR (CDCI3, 250 MHz): 5 -0.05 (s，9H, SiMes), 1.47 (s, 9H, -CMe])’ 




To 8-methylquinoline (l.lOg, 7.68 mmol) in CCI4 (20 ml), was added N-
bromosucciiiimide (1.37g，7.68 mmol) and 20 mg dibenzoyl peroxide. The mixture was 
refluxed for 4 h and filtered when hot. The fitrate from hot filtration of the mixture was 
extracted with 40 ml dilute NaOH(aq) (2N). The aqeous layer was re-extracted with two 
30 ml portions of ether. Combined ethereal layers were concentrated by rotary 
evaporator and then dried in vacuo. After recrystallisation from hexane, pale beige, 
needle shape crystalline product of the title compound was obtained. Yield 1.55g (91 
%); nip. 84-86�C (lit60 b.p. 83-84�C). 
Mass spectrum (m/e): 222 [M]+ (also found 221 for 79Br 19.57% and 223 for 
8lBr 19.19%; ratio 79Br : 8lBr = 1:1); 142 [M-Br]+; 
1 h n m r (CDCI3, 250 MHz): 5 5.25(s, 2H), 7.45 (dd，8.3, 4.2 Hz, IH), 7.48-
7.54 (m, IH), 7.78-7.85 (m, 2H), 8.16 (dd, J = 8.3，1.8 Hz, IH)，9.01 (dd，4.2，1.8 
Hz, IH); 
13c NMR (CDCI3, 250 MHz): 5 29.4，121.6，126.4, 128.6, 128.8, 130.7，136.3， 
141.0, 146.5, 150.1. 
8-(Chloromethylqumolme), (10) 
‘争 
A mixture of anhydrous (2.5g, 0.06 mol)，A -^dimethyl formamide 
(DMF) (30 ml) and (9) (4.35g, 0.02 mol) was stirred for 2 h at 20°C. The resulting 
mixture was added with 50 ml distilled water and then extracted with two 50 ml portions 
ofhexane. Concentration and recrystallisation of the combined hexane extracts yielded a 
white crystalline solid of the title compound. Yield 2.7g (77 %); mp. 57�C (lit.61 m.p. 
56�C). 
Mass spectrum (m/e): 179 [M + 2]十，177 [M]+，142 [M-C1]+ 
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lHNMR(CDCl3, 60 MHz): 5 5.4 (s, 2H), 7.5-7.7 (m, 2H), 7.8-7.9 (m, 3H), 8.9-
9 .1 (dd , J=4 ,2Hz , lH) . 
8-[(Trimethylsilyl)methyllqumoline, (11) 
Method 1 (from Grignard Reactioij): 
To a suspension of magnesium powder (0.67g, 27.6 mmol) in dry degassed thf 
(10 ml) was added 1,2-dibromoethane (0.3 ml). With the evolution of ethene, the 
mixture was stirred at ambient temperature for 10 min. The thf was then removed and 
replaced by fresh dry degassed thf (50 ml). To this Mg suspension, an excess of SiMesCl 
(3g，27.6 mmol) was added. The mixture was stirred rapidly and a solution of (10) 
(2.45g，13.8 mmol) in thf (20 ml) was added over a period of ca. 4 h. The temperature 
was carefully controlled by an ice-cooled water bath so as to ensure a slightly exothermic 
reaction without excess heat evolved. When the addition was conq)leted，the mixture 
was stirred at room ten^erature for another 16 h. Then, thf was removed in vacuo and 
replaced with hexane (50 ml). Filtration, concentration and column chromatography on 
alumina afforded the title compound as a pale yellow oil. Yield 0.27g (9 %) 
« 
Method 2 (from LDA reaction): 
To a 250 ml Schlenk vessel, it was added diisopropylamine (8.18g, 11.4 ml, 0.08 
mol) and 70 ml dry and degassed Et20. The mixture was cooled to 0�C and 50.5 ml 
«BuLi (0.08 mol, 1.6M in hexane) was added dropwisely with vigourous stirring. After 
addition was completed, it was stirred for Ih at room tempreture. The resulting LDA 
solution was kept in a dry ice / acetone bath prior to be used. 
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To a 500 ml three necked flask equipped with a N2 source, dropping funnel and 
stopper, 10 ml of 8-methylquinoline (10.52g, 0.074 mmol) and 200 ml of dry ether was 
added. The mixture was degassed three times in a liquid nitrogen bath. When the ether 
was just melted, the dry ice-cooled LDA solution prepared previously was transferred to 
the dropping funnel and added dropwisely at -78°C with vigourous stirring. The 
tenq)erature was maintained carefully at -78°C. After addition, the reddish brown 
mixture was stirred for an additional 1 h before the addition of an excess of MegSiCl 
(16.0g, 0.15 mol). As tlie reaction proceeded, the colour slowly changed through deep 
brownish purple, dark green, bluish green, yellowish green and finally to a pale yellow 
suspension with white precipitate. The mixture was raised to ambient tenq)erature (ca. 
20°C) and stirred overnight. 
To the mixture, dilute NaOH solution (100 ml, 2N) was added dropwisely to 
dissolve the precipitates formed. The aqueous layer was separated and washed with two 
100 ml portions of E t � � . The organic layer, combined with the Et?�washings, was 
dried over anhydrous MgS04(s)，concentrated in rotary evaporator, dried in vacuo and 
vaccum distilled over NaOH(s) pellets. The title compounct was obtained as a colourless 
oily distillate. Yield 14.0g (89 %); b.p. 98-101�C at 0.03 mmHg. 
Analysis calc. for CnHnNSi , C 72.50, H 7.96，N 6.50 %; found C 72.45，H 
8.12, H 6.27%. - , t 
Mass spectrum (m/e): 215 [M]+ 200 [M-CH3]+，142 [M-SiMe3]+，73 
[SiMe3]+. 
i H N M R (CDCI3，250 MHz): 5 -0.02 (s, 9H), 2.83 (s, 2H), 7.32 (dd, J= 8.3，4.2 
Hz, IH), 7.37-7.43 (m, 2H), 7.51-7.54 (m, IH), 8.07 (dd , /= 8.3，1.8 Hz, IH), 8.87 (dd, 
J=4.1 , 2.8 Hz, IH); 
13c n m r (CDCI3, 250 MHz): 6 0.0，23.3，121.9，125.2, 127.5, 129.1, 129.9， 
137.3，142.0，148.1，149.9. 
• Compound (11) has been repored in ref. 47 but without b.p. and elemental analysis given there. 
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8-[(Trimethylstannyl)methyllquinoliiie, (12) 
The procedures were as for the synthesis of (11) (Method 1) with the exception of 
using SnMesCl (2.75g, 13.8 mmol) instead of SiMesCl. White solid of the title 
compound obtained. Yield 0.35g (8.3%); m,p. 135-137°C; 
Mass spectrum: 306 [M]+，291 [M-CH3]+，164 [Sn(CH3)3]+; 
1H NMR (d-Toluene, 250 MHz): 5 0.77 (s，fiSn-B. = 67.11 Hz, 9H), 2.81 (s, 
^Sn-H = 82.83 Hz, 2H), 6.54 (dd, J 二 8.2，4.5 Hz, IH), 7.00-7.08 (m, 2H), 7.20-7.26 
(m, IH), 7.40 (dd，J= 15.7, 1.6 取，IH), 7.62 (dd;>/= 4.4, 1.6 Hz, IH). 
S-Pentylquinoline, (13) 
To a stirring mixture of (9) (2.22g, 0.01 mol) in thf (150 ml) at -100�C，was 
added «BuLi (6.3 ml, 0.01 mol, 1.6M in hexane at 0°C). The mixture was then stirred for 
1 h and thf was removed in vacuo. The reaction mixture was hydrolysed with NaOH 
solution (30ml, 2N). It was then extracted with two 30 ml portions of ether. The 
combined organic layer was dried, filtered and concentrated. The title compound was 
obtained as a colourless oil after distillation at reduced pressure (ca. 0.03 mmHg). Yield 
0.75g (38 %). 
Mass spectrum: 199 [M1+, 184 [M-CHs]^ 128 [M-C5Hii]+ 
1HNMR(CDC13, 250 MHz): 6 0.83-0.95 (m, 3H), 1.32-1.43 (m, 2H), 1.75-1.87 
(m, 2H), 2.89-2.98 (m, 2H), 3.73-3.75 (m, 2H), 7.28-7.39 (m, 2H), 7.47-7.59 (m, IH), 
7.95 (d，J= 8.4 Hz, IH), 8.06-8.10 (dd, J = 8.2，1.8 Hz, IH), 8.91-8.93 (m, IH). 
K*Li(tm^da), R’ = NC9H6(CH SiMe3)-8，(15) 
To a 250 ml Schleuk vessel, it was added 7.7 ml of diisopropylamine (5.56g, 0,06 
mol) and 50 ml dry and degassed E t � � . The solution mixture was cooled to 0°C and a 
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solution of «BuLi (34.4 ml, 0.06 mol, 1.6M in hexane) was added dropwise with 
vigourous stirring. After addition, the mixture was stirred for Ih at room temperature. 
The resulting LDA solution was kept in a dry ice / acetone bath before use in the 
subsequent reaction. 
To a 500 ml three necked flask equipped with a N2 source, dropping funnel and 
stopper, was added tmeda (6.39g, 0.055 mol), (11) (10.75g，0.05 mol) and diy ether 
(200 ml). Freshly prepared LDA solution above was added dropwisely at -78�C with 
vigourous stirring. After addition, the resulting de^p blue colour mixture was allowed to 
warm to room ten^)erature and stirred for 1 h. The solution obtained was concentrated 
and kept at -20°C for two days. Upon cooling, dark blue crystalline solids of the title 
compound were obtained. These were washed with two 30 ml portions of dry and 
degassed cold pentane and then collected by filtration. Yield 13.2g (78 %); 
decon^osition te^erature 162�C; analysis calc. for CisHssNgSiU C 66.42，H 9.91, N 
12.91 %; found C 66.97，H 10.88, N 12.95 %. 
Mass spectrum: 215 [R'H]+, 200 [R,H-CH3]十(decomposition to free ligand); 
iH NMR (C6D6, 250 MHz): 5 0.13 (s, 9H)，0.62 (s, 9H), 1.50-2.40 (i^ 32H)， 
3.11 (s, 2H), 6.44 (dd，J二 7.3, 1.4 Hz, IH), 6.79 (dd, J二 8.2，4.2 Hz, IH), 6.88 (dd，J = 
8.3，4.2 Hz, IH), 7.23-7.27 (m, 2H)，7.35-7.39 (m, 3H), 7.61-7.68 (m, 2H)，7.78 (dd,J = 
4.3，1.7 Hz, IH), 8.83 (dd, J = 4 4 , 1 8 Hz, IH). 
8-[Bis(trimethylsayl)methyl]qumoliiie, (16) 
The procedure was the same as for the synthesis of (11) (Method 2) with the 
exception of using (11) instead of 8-methylquinoline. Preparation from compound (11) 
(5.0g, 23.3 mmol), diisopropylamine (2.59g, 25.6 mmol), «BuLi (16 ml, 1.6 M in hexane, 
25.6 mmol) and SiMesCl (4.55g, 41.9 mmol) yielded clear pale yellow oil of the title 
compound after vaccum distillation; b.p. 106 - 109�C at 0.03 mmHg; yield 5.6g (84 %); 
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analysis calc. for Ci6H25NSi2, C 66.83，H 8.76，N 4.87 %; found C 66.96，H 8.83，H 
4.98 %. 
Mass spectrum (m/e): 287 [M]+, 272 [M-CH3]+，200 [M-TMS-CH2]+ 
lHNMR(CDCl3, 250 MHz): 6 -0.02 (s, 18H), 3.65 (s, IH)，7.29-7,50 (m, 4H), 
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Synthesis, Characterisation and Structure 
of Some Main Group 14* Alkyls 
2.1 INTRODUCTION 
2 . 1 . 1 G e n e r a l A s p e c t o f G r o u p 14 Or^anometa l l i c s 
At present, tlie largest scale industrial production of organometallic confounds 
remains in Group 14 elements - silicon, germanium, tin and lead. Organosilicon 
compounds are made on a large scale for the preparation of silicone polymers. Lead 
alkyls, because of their use as anti-knocking agents in gasoline, although declining, were 
for a long time one of the top organometallic products in industry. For organotin 
compounds, they have sho^vn vast variety of applications. M As the toxic tm(IV) trialkyls 
can rapidly degrade to harmless inorganic tin compoimd in the environment, they are used 
as fungicides in agriculture, disinfectants against bacteria, wood and stonework 
preservatives, antifoulants, antitumor agents, moth proofing agents and tapeworm 
expeUer. Due to the special affinity of tin for donor atoms, organotin compoimds are also 
used as catalysts for polyurethane productions, stabiliser for PVC production, precursor 
for Sn02 Film on glass, water repellents，and etc. 
Group 14 elements have two ^-electrons and two /7-electrons in their valence shell. 
With the particularly stable sp^ hybridisation, quadrivalent species are predominantly 
observed. However, with the participation of ^/-orbitals, mainly for the heavier members, 
* American Chemical Society recommended designation of groups of element. Group IVB in traditional 
nomenclature. 
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coordination number of five, six and even seven have even been observed. The electronic 
configurations together with the associated molecular shapes for Group 14 derivatives are 
shown in Table 2. 
species s p d shape 
M l i U 
MR2 t i t x - t x Bent 
MR4 t x t>Llxl><_ Tetrahedral 
MR4X t x t x Trigonalbipyramidal 
MR4X2 t x t ^ t x t x Octahedral 
MR4X3 t x t>Lt>< t x Pentagonal bipyramidal 
Table 2. Electronic configurations and molecular shapes of Group 14 derivatives. R 二 
alkyl or aryl group; X 二 donating atom; t i , t x , ^ = lone pair in valence shell of M, 
shared electron pair and lone pair of the donating atom, respectively. 
2.1.2 Group 14 OrganometaUic compounds 
Unlike organometaUic compounds of Group 1, 2 and 3, tetraorgano derivatives of 
Group 14 elements have no low energy vacant molecular orbitals. As a result, they are 
less reactive and have less tendency to oxidise in air. Nevertheless, due to the increase in 
bond lengths, the stability of the compounds decreases down the group. 
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Group 14 compounds of the type MX^^-n ) (n = 0, 1，2，3) provide a wide range 
of possible organo derivatives and are valuable intermediates in the preparation of other 
organometallic derivatives. Some common methods for such preparation include Grignard 
reaction, Wurtz coupling, reaction with organolithium reagents and redistribution 
reactions. 
One of the objectives of this work is to investigate the potential of the ligand 8-
CH(SiMe3)C9H6N (R') in the synthesis of quadrivalent group 14 metal con^lexes. The 
reactions of organometal halides R2MX2 (R = Ph, Me,屯u) with the lithium reagent 
derived fromR' were anticipated [Equation 26]. 
R2MX2 + R' Li(tmeda) • R^MRiX + LiCl + tmeda 
R = Me,Ph, ^ u ; 
R丨=8-CH(SiMe3)C9H6N 
X = C1, Br 
- , [Equation 26] 
I 
The compounds R2MR'X obtained were expected to have the ligand bonded in a 
similar mode as the tolylamine derivatives in the following reaction [Equation 27]. 5 By 
virtue of the coordination of nitrogen atom, it gave a 5-coordination tin compound. 
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M e M e 
• \ / Me2N Me2N —•Li Me2N —• Sn—X 
r ^ ^ r " ^ "BuLi Me2SnX2 
^ ^ ^ ^ ^ ^ ^ 
X = Cl^  Br 
[Equation 27] 
The structure of the intramolecular coordinated species is the consequence of the 
following aspects: 
1. Tin has a strong affinity for donor atoms such as 0，S or N. The cyclometallation 
reaction to form m iV-donating co卿ound is fast and the isolation of these products 
are relatively easy. 
2. In organometallic intracoordination conq)ounds, the five-membered m g is generally 
the most stable ring size because it has the most ideal geometry (bond angles a^d bond 
leiigths).6-7 
3. Generally, the metal often requires one or more electron with(ira\^^g groups for 
enhancing ring formation. Comparison can be made with compound � and (n)8-9 of 
the foUowings [Figure 12]: 
^Bu3SnCH2CHCOEt 乃fiu 之〒 GH^HGOEt 
CH2C00Et Br CH^COOEt 
( I ) � 
Figure 12. Organotin confound with and without intramolecular coordination. 
61 
Intracoordinated organotm(IV) compounds have attracted much attention by some 
research groups and Figure 13 illustrates several compounds of this kind. It is a common 
characteristic of these examples that distorted trigonal bipyramidal structure is generally 
assumed. 
Rr \ Br 
s A , V ^ s / 
T Sn\<NMe2CH2C6H5 J L ^ � � ' _ , P h 
\ / Me Me n Ph N I \ 
Me, Me Me Me 
(ref 10) (ref 11) 
n 
P h � c Y Me,„. I II \ T ..Me . S n - C N - ^ S n — C I ^ P . P h , I 乂 M / V - , I Me Br SiMe] cI CI 
(ref. 12) (ref 13) (re£ 14) 
Figure 13. Exan^le of intracoordinated Sn (IV) complexes; reference for that confound 
is given in the bracket below. 
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Hence, in the present studies, it is not unreasonable to expect the 8-
quinolyl(trimethylsilyl)methyl ligand would be chelated in a similar fashion to give 
intramolecular coordination complexes for tin or germanium [Figure 14]. 
X 
Me^Si , iR 
j \ M M = Ge, Sn 
牛、R , 
R = Me,Ph, Bu 
X 二 Cl，Br 
Figure 14. Proposed structure ofintracoordinated quadrivalent Group 14 metal con^lex. 
2.1.3 Subvalent Group 14 Metal Alkyls 
(a) Organostatinylene 
Tin has an electronic configuration of 'bs^p^. In organostannylene, the tin atom is 
regarded as sp^ (sp^y) hybridised, with two of the hybrid orbitals involved in bonding 
and the third containing the unshared pair of electrons. The first report of the 
organostannylene Et2Sn was made by Lowig^^ in 1852 [Equation 28]. 
EtI + Sn(Na) • EtzSn + EtgSnl + EtsSnSnEt] 
[Equation 28] 
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Although coinpounds of empirical composition of R2S11 have long been known, it 
is now realised that many contain rings or chains with Sn-Sn bonds and are actually 
confounds of Sn(IV). Conq)ouiids such as PI12S11，(naphthyl)2Sn, (9-phenaiithryl)2Sn, 
(/7-tolyl)2Sn have been prepared.^ There is a general tendency for such alkyl- or 
arylstajmylene to polymerise rapidly to give oligomeric structure with metal to metal bond. 
For exanq)le, when monomelic diphenyltin is freshly prepared, it readily polymerises to 
give pentameric or higher polymeric structure [Equation 29]. 16 
\ 
‘ I 
‘ ’ i 
•v 
2 Ph2Sn: • PliSn+— SnTh • polymer 
Ph Ph 
[Equation 29] 
Interestingly, by comparing the tetrameric structure of [Sn(CH2SiMe3)2]4口 with 
the mononuclear [Sii{CH(SiMe3)2}2]2，18 it is clear that the degree of molecular 
aggregation is stericaUy controlled. Apart from short lived intermediates, monomeric 
R2S11 exists only when R is a very bulky group or (exceptionally) Ti^-cyclopentadienyl 
ligand. Nevertheless, mononuclear tin(n) hydrocarbyls have only been found in a few rare 
* I 
examples [Figure 15]. The following organotin(n) compounds are generally yellow solids 
and form yellow to red solution. 
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( M e 3 S i ) 2 C � , 
f^^/�C(SiMe3)2 
(ref 19) \ (ref. 20) 
Me3Sr CF3 ^ ^ ^ ^ ^ C F g CF3 
(ref 21) (ref. 22) 
Figure 15. Crystalline monomelic tin(n) alkyls. 
In this studies, based on using the A^-fimctionalised ligand 8-
quinolyl(trimethylsilyl)metliyl (R') the synthesis of organotm(n) compound was proposed. 
The con^lex is expected to be monomelic owing to the bulkiness of the ligand. The 
preparative method employed was based on the reaction of organolithium reagent of R' 
with stannous chloride [Equation 30]. 




Likewise, dialkyUead compoimds generally resemble their tin counterparts in 
physical and chemical properties, except for their greater lability. With special bulky 
ligands，two rare monomeric diamagnetic dialkyUead derivatives, Pb[CH(SiMe3)2]2 
(purple solid) and Pb[(CF3)3C6H2]2^^ (yeUow solid), have been prepared [Equation 31 
and 32]. 
PbX2 + 2LiCH(SiMe3)2 > Pb[CH( 8^63)2] 2 + 2LiX 
(X = ClorN(SiMe3)2) 1 
[Equation 31] 
ZF3C 




It is our intention to investigate the reaction between anhydrous lead(n) chloride 
and the organolithium reagent R'Li(tmeda) (15). 
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Z.2 RESULTS AND DISCUSSION 
2.2.1 Synthesis of Five Coordinated Tin(TV�Compounds 
The reactions of R2S11X2, ( R 二 Me，Ph, ^ u ; X = CI, Br), with the dark blue 
crystalline solid isolated in the lithiation of 8-[trimethylsilyl(methyl)]quinoliiie, R'H, are 
shown in Scheme 7. Organotin(IV) confounds of the type [R'SnR2X] were prepared in 
all cases with the exception ofR=书u. The unsuccessful preparation of ^U2SiiR'X may 
probably be due to the steric hindrance around the tin atom, which avoids the approach of 
the bulky carbanion R' 
In our experiments, all the reactions were carried out at 0°C with ether as solvent. 
Although organolithium reagents can act as reducing agent at low ten^erature (-78�C)，24 
no reduction to Sn(n) was found. The reaction was fast and facile as rapid 
decolourisation was observed upon the addition of the dark blue ether solution of the 
lithium reagent R'Li(tmeda). After filtration and recrystallisation from toluene, the 
resulting organotin compounds (17)，(18) and (19) were obtained as white crystalline air 
stable solids. These confounds were characterised by elemental analysis, mass 
spectrometry as well as ^H and 13c ninr spectrometry. In addition, a single crystal X-ray 
• 





H3C 丨丨i _ / 
CI SiMe3 
(17) 
(i) : ‘ N ^ V ^ 
no reaction H3C.. • / 
( i i ^ H 3 C 々 今 H 
� r ^ ^ ^ ^ N ^ ^ 1 ^ ^ Br SiMe3 � 1 1 (18) 
\ t 
( t m e d a ) 隱 ^ 
(15) \ r r ^ / \ 
no reaction 
P h , I A H ‘ , CI SiMeo 
t ^ (19) 
Scheme 7. Syathesis of [SiiR2R'X] (R 二 Me，Ph,屯u; X= CI, Br; R' = 8-
[CH(SiMe3)C9H6N] ). The reactions were carried out at ca. 0®C, 4h and in ether, (i) 1 
Me2SnCl2； (ii) 1 Me2SiiBr2； (iii) 1 PI12S11CI2; (iv) 1 屯 U2SnCl2; (iv) 1 屯 uaSnBr?广 
孝 The proposed structure of (19) was established using X-ray diffraction data. The N-donor and halogen 
were in the apical positions of a trigonal bipyramid (Section 2.2.2). While, the structures for compounds 
(17) & (18) were established by analogy with the structure of (19). 
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The 1h nmr spectrum* of compound (19) is not clearly resolved in the low field 
region (6-8 ppm) due to the overlapping of the phenyl proton signals with the proton 
signal from the quinolinyl ring. Tlie methine proton signal at 2.95 ppm with tin satellites 
V(Snii7.H) and VcSnH .^R) of 88.5 and 92.1 Hz respectively are consistent with a direct 
bonding between tin and the 8-methyl carbon atom of tlie ligand. 
Tbe iH nmr spectrum of R(CH3)2SnCl (17) shows similar couplings (V(s„ii7.h) 
« 2j(snii9_H) 二 81.3 Hz) for the methine proton signal of 2.47 ppm. Two distinct singlets 
due to the two stereochemically different methyl groups with tin satellites (V(Snll7-H)= 
63.2 Hz; V(Snll9.H) = 66.0 Hz) were observed. One of the methyl groups is closer to the 
trimethylsilyl group of the ligand R'. The 1h mnr spectrum of R'(CH3)2SiiBr (18) is 
similar to that of (17), because the bromo group on tin does not show significant effect in 
the nmr spectrunL 
nie mass spectra of compounds (17)，(18) and (19) showed the typical peaks of 
[M-CH3]+ together vdth the characteristic peaks like [M-X]+ and [M-X-SMe3]+. TTie 
structure of compound (19) has been established by X-ray diffiaction studies (vide infra), 
which shows the N-donor and chlorine atom in apical positions of a trigonal bipyramid. 
Confounds (17 -19) are having similar nmr and mass spectra. Hence, it is not 
unreasonable to confirm that these confounds have the similar atom connectivities. 
Attempts to prepare the germanium analogue (CH3)2R丨 GeCl using 
dimethylgermamum dichloride has so far been unsuccessful as pure confound has not 
been obtained**. 
*250MHz1h nmr. , . , ** The product is non-isolable and considerable amount of tmeda and RH remained. 
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2.2.2 Molecular Structure^ of [Sn(8-CH(SiMe3)C9H6N}Ph2Cn, (19) 
An X-ray structure of (19) is shown in Figure 17 with selected bond lengths and 
bond angles in Table 3. The crystal system is monoclimc in space group P2\ln (No. 14) 
with a = 12.441A, b = 1L564A, c = 17.309A，P = 102.85�and Z = 4. Unlike the 
structure of the lithium complex of the 1,2-additioii product mentioned in Chapter I, the 
aromaticity of the quinolinyl ring is retained in conq)o皿d (19) (c.f. copper 8-
hydroxyquinolinate, Figure 2，Chapter I). It is showSa that the tin atom is pentacoordinate 
with distorted trigonal bipyramidal geometry with intramolecular Sn-N coordination. The 
two phenyl groups reside in two of the equatorial positions while the bromine and nitrogen 
atoms occupy axial sites. The sum of the bond angles around the tin atom at the 
equatorial plane is 356.6�(close to 360°) and the arrangement of the axial atoms is almost 
linear [Figure 16]. 
CI 
P h . , . , � 
Oj . 
Figure 16. Trigonal bipyramidal structure of (19). The Sn-C bonds are in the equatorial 
positions and the electronegative atoms (N and CI) are in the axial sites; a == 126.6°，p 二 
118.8。，y = 111.2。，A 二 95.6°，B = 88.4° 
• The crystal structure determination of this compound was carried out by Prof. Thomas C. W. Mak at 
Chinese University of Hong Kong. 
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With reference to the structure of the tetraphenyltin molecule,，the Sn-C(phenyl) 
bonds of (19) (2.13 A (av.)) is slightly shorter than the Sn-aryl bond distance (2.14 A) of 
Ph4Sn. From these data, it is considered that the 7i-interaction at the tin-aryl bond 
contributes not so significantly due to the electrophilicity enhancement of the tin atom 
caused by the electronegative chlorine atom bonded to it. 
It is also noted that the Sn-Cl bond distances of 2.391 A and 2.381 A for bis(2-
biphenyl)tin dichloride^^ are significantly shorter than the distance of 2.490 A in (19). 
The increase in the Sn-Cl bond distance is due to the electron donating effect of the 
intramolecular coordinating nitrogen atom. This effect is more significant when the 





Tin Co-ordinations Ouinolinvl Ring 
Sn(l)-Cl(l) 2.490(3) N(l)-C(13) 1.298(16) C(17)-C(18) 1.326(24) 
Sn(l)-N(l) 2.464(10) C(13)-C(14) 1.431(21) C(18)-C(19) 1.381(22) 
Sn(l)-C(6) 2.130(8) C(14)-C(15) 1.316(26) C(19)-C(20) 1.375(16) 
Sn(l>C(12) 2.131(7) C(15)-C(16) 1.415(23) C(20)-C(22) 1.504(14) 
Six(l)-C(22) 2.137(9) C(16)-C(17) 1.424(23) 
Angle (。） 
C(6)-Sn(l)-C(22) 126.6(3) Cl(l)-Sn(l)-C(6) 97.5 � 
C(22)-Sn(l)-C(12) 118.8(3) Cl(l)-Sii(l)-C(12) 95.6(2) 




































2.2.3 Synthesis of Group 14 Subvalent Metal Complexes 
The synthesis of the homoleptic confound SnR'2 [R' = 8-CH(SiMe3)C9H6N] 
(20) is summarised in Scheme 8. The reaction of lithium alkyl LiR,(tmeda) (15) with 
anhydrous SnCl2 in ether gave the reddish orange product (20). Recrystallisation from 
toluene at room ten^erature afforded crystalline solid (20)* in 19 % yield. This 
Qon^oxmd has been characterised by ^H nmr, 13c nmr, elemental analysis and mass 
spectrometry. The stereochemistry of the molecule formed can be explained in terms of 
sp2 hybridisation of the valence shell electrons and the strong colour of the compound. It 
is presumably associated with the open-shell electronic configuration of tin. With the low 
energy empty p^ orbital, it is expected that the tin(n) atom exhibiting Lewis acid behaviour 
towards the nitrogen atoms which are in close proximity, hence, four-coordination 
bivalent organotin conq)ound is formed. 
The unprecedented Sn(n) alkyl SnR2 {R二C5H4N[C(SiMe3)2]-2} has been 
reported as monomeric with intramolecular iV-coordination 26 Therefore, it is not 
unreasonable to expect (20) to be monomeric and to have similar features. The congested 
environment around the tin atom hinders polymerisation due to steric factors. 
Co卿aratively less bulky ligand R； in this work and the formation of a less strained 5-
membered ring is another important feature for compoimd (20). 
It is e jec ted that the formation of stereoisomers RR, SS, RS and SR are possible 
due to the chiral nature of the a-carbon. These isomers were not separated and ^H nmr 
spectra of the racemic mixture were recorded. 
* X-Ray structure determination of (20) is still in progress at the date of submission of this thesis. 
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The 1h mnr spectrum of (20) was somewhat different from those of the tin(IV) 
compounds synthesised as no tin satellites were observed. Besides, the methine proton 
signal occurred at a lower field position of 1.25 ppm in comparison with the region of 
2.47-2.5 ppm for the tm(IV) compounds, (17)-(19), mentioned. 
1 i r.SiMe3 
Qnri M e ^ S i " ^ Sn 
CQ-Y^ 
H 1 \ 1/2 PbCl2 . Li 八 SiMe, ^ , • Reduction ( t m e d a )騰 ] _ LiCl 
(15) 
Scheme 8. Synthesis of low valent metal complex of Sn and Pb. Reaction conditions: 
ether，ca. 0�C，8h; (20) was recrystallised from toluene at ca. 20�C，2 days. 
Attenq)ts to prepare the"pb(n) analogue by similar reaction of LiR'(tmeda) (15) 
with anhydrous lead(n) chloride, led only to reduction of the lead (H) ion to metal 
powder. The unidentified decon^osed product from the reaction has not been 
characterised. In general, low valent organolead compounds are more labUe than the low 
valent organotin analogue. 
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2.3 EXPERIMENTAL* FOR CHAPTER H 
Material: 
Dichlorodiphenyltin(IVX dibromodimethyltm(IV), dichlorodimethyltin(IV), 
dichlorodi-胁M)utyltin(IV), dibromodi-胁/-butyMn(IV)，anhydrous tin(n) chloride and 
anhydrous lead(II) chloride were purchased from Aldrich Chemical Company. The 
preparation of the lithium reagent (15) has been described in Chapter I. 
Synthesis of Compounds: 
�Sn{8-C:H(SiMe3)C9H6N}Me2a]，(17) 
To a stirred solution of Me2SiiCl2林(0.96g, 4.35 mmol) in ether (ca 80 ml) at 0°C 
was added dropwisely a solution of (15) (1.47g, 4.35 mmol) in ether (ca 50 ml). ITie 
deep blue colour faded rapidly. After ca. 1 h, the pale yellow solution was warmed to 
room temperature and stirred for 8h. Filtration followed by concentration in vacuo to ca. 
50 ml and storing at -20�C for 16 h afforded colourless solids of (17). The mother-liquor 
was then concentrated forther to e^ a 5 ml and after standing at -20X for 16 h，the product 
yielded was added to the previous batch for recrystallisation. Hie combined product was 
dissolved in a minimum amount of toluene (ca. 10 ml) and was allowed to stand at _20°C 
for several days, colourless crystals of the title compound were obtained. Yield 0.40 g (23 
%); nLp. 158-161�C; analysis calc. for Ci5H22NSiSiiCl, C 45.20, H 5.56, N 3.51 %； 
foimd C 45.34，H 5.55, N 3.46 %. 
繁，s l eSvda tS ^ Z ' ^ T m t h a stingy smell. Extreme care must be taken when hanling 
this compound. 
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Mass spectrum (m/e): 383 [M- CH3]+，364 [M - Cl]+，293 [M-Cl-SiMe3]+; 
1H NMR (CDCI3，250 MHz): 5 0.24 (s，9H), 0.36 (s，VCSNII^ -H) = 63.0 Hz, 
V(Snii9-H) = 65.7 Hz, 3H), 1.35 (s, V(Snii7_H) = 63.0 Hz, V(Snii9-H) = 65.7 Hz, 3H), 2.80 
(s，2j(Snii7-H)«2j(Snii9.H) = 81.3 Hz, IH)，6.80 (dd，8.2, 4.4 Hz, IH), 7.27-7.43 (m, 
2H), 7.68 (dd, J二 8.3,1.5 Hz, IH), 7.90 (dd, J二 4.3，1.5 Hz, IH); 
13c NMR (C6D6, 250 MHz): 5 0.03，2.28，2.71，28.02, 121.89，123.73，129.08， 
130.76，139.17，144.51, 145.78, 146.31. 
[Sn{8-CH(SiMe3)C9H6N}Me2Br],(18) 
The procedure was the same as for the synthesis of (17). Me2SnBr2 (0.43g，1.38 
mmol) and (15) (0.47g, 1.38 mmol) were used. Very pale yellow crystals of the title 
compound were obtained after similar recrystalHsation and isolation. Yield 0.12 g (19 %)； 
mp. 165-168�C. 
Mass spectrum (m/e): 444 [M]+ 428 [M - CH3]+，364 [M - Br]+，293 [M-Br -
SiMe3]+，214 [R']+ 199 [R' - CH3]+, 58 [SiMe2]+; 
i H NMR (CDCI3，250 MHz): 6 -0.01 (s, 9H), 0.32 (s，V(SnU7-H) = 61.7 Hz, 
2/(Snii9_H) 二 64.4 Hz, 3H)，1.19 (s, 311, VcSn^^-H) = 63.3 Hz, 2j(Snii9_H) 二 66,1 Hz), 2.65 
(s,2j(Snii7-H)« V(Snii9-H) 二 81.0 Hz, IH), 6.49 (dd，J= 8.2, 4.4 Hz, IHX 7.00-7.13 (m, 
3H), 7.39 (dd，8.2，1.5 Hz, IH), 7.60 (dd，J二 4.4，1.6 Hz, IH). 
[Sn{8-CH(SiMe3)C9H6N}Ph2Cll, (19) 
TTie procedure was the same as for the synthesis of (17). Ph2SnBr2 (0.76g, 2.14 
mmol) and (15) (0.75g，2.14 mmol) were used. White crystals of the title compound were 
obtained after similar recrystalHsation and isolation. Yield 0.35 g (31 %); mp. 194-196�C; 
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analysis calc. fox C25H26NSiSiiCl, C 57.45, H 5.01，N 2.68 %; found C 57.31, H 4.96, N 
2 ,60 %. 
Mass spectrum (m/e): 508 [M - C H s f , 488 [M - Cl]+，446 \M - Ph]+, 309 [M -
R,]+，214 [R']+, 199 [R' - CH3]+，77 [Ph]+ 73 [SiMe3]+，58 [SiMe2]十； 
iH NMR (C6D6, 250 MHz): 5 0.05 (s, 9H)，2.95 (s, 2j(Snii7_H) = 88.50 Hz, 
2j(Snii9_H) 二 92.07 Hz, IH), 6.42 (dd, J二 8.2，4.6 Hz, IH), 6.85-7.04 (m, 5H), 7.14-7.23 
(m, 3H)，7.27-7.36 (m, 6H)，8.00 (dd, J二 4.6，1.7 Hz, IH), 8.36-8.40 (m, 2H); 
13c NMR (C6D6, 250 MHz): 5 0.52, 2.01, 28.51, 121.89, 124.14, 130.23, 
130.56, 135.94，138.08，139.72，142.07，143.23, 145.55, 146.26，148.26. 
[Sn{8-CH(SiMe3)C9H6N}2l， (20) 
To a stirred suspension of solid tin(n) chloride (0.27g, 1.44 mmol) in ether (ca. 
100 ml) was added dropwisely a solution (ca. 50 ml) of (15) (0.97g，2.88 mmol) in ether. 
Stirring was continued for 16 h at ambient temperature. The solution became reddish 
orange. Tbe mixture was filtered then followed by concentration of the filtrate. After 
cooling to -20°C for 1 day，it yielded reddish orange solids. RecrystaUisation of the solids 
from toluene at room temperature provided red crystals of the title compound. Yield 
O.iSg (19 %); HLp. 225�C; analysis calc. for C26H32N2Si2Sn, C 57.05, H 5.89，N 5.12 
%; found C 57.02, H 5.91，N5.11 %. 
Mass spectrum (m/e): 548 閱+，334 [M _ R. - SiMes]^ 1 " [R, _。即+，73 
[SiMe3]+，58 [SiMe2]+; 
iH NMR (d-toluene, 250 MHz): 5 0.19 (s，9H), 1.28 (s，IH), 6.91 (dd, J = 8.3’ 
4.4 Hz, IH)，6.96-6.70 (m, IH), 7.17-7.31 (m, 2H)，7.72 (dd，8.3，1.8 Hz, IH), 8.84-
8.86(dd，J-4.4，1.5Hz，lH). 
13c NMR (d-toluene, 250 MHz): 5 0.69，2.28，39.05，121.31，121.78，125.66’ 
126.04, 126.43，130.16，130.51, 131.93, 138.42，138.96，147.33，153.45. 
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Synthesis, Characterisation and Structure 
of Some Group 12* Alkyls 
3.1 INTRODUCTION 
3.1.1 General Aspect of Group 12 Organometallics 
Before the discovery of Grignard reagents, organometaUic conq)ounds of Group 
12 elements had played an mq)ortant role as intermediates in synthetic organic chemistry. 
After Franklandl prepared the first organozinc conq)ounds, ZnEt2 and C2H5Z11I, in 1849, 
both monosubstituted organometal halides RMX and disubstituted confounds MR2 
(vdiere M = Zn^  C d , Hg; R = Me，Ph, NR2，SR etc.) have been r e a U s e d ^ 
The conq)letely filled low energy d-^dH of group 12 elements (zinc, cadmium and 
mercury) makes them possible to have con^arable reactivity as Group 2 elements. The 
metal alkyls of Zn, Cd and Hg are mostly monomeric, volatile and covalent instead of 
highly associated (multicenter bonds) and highly polarised. Hie metal atom in these alkyls 
is sp hybridised witii linear C—M—C bond. The remaining two vacant valence shell 
orbitals enable them to form adducts of the type MR2L (M = Zn; R = Bu, Me, L = 
bidentate amine, diethyl ether) [Figure 18]. 
The reactivity of organometaUic conq)ounds in Group 12 decreases down the 
group with pyrophoric zinc alkyls to the thermally stable organomercury confounds. The 
highly toxic property of the latter two requires special caution on handling. 
* American Chemical Society recommended designation of groups of element. Group I B in traditional 




^ C H Me^ 
Zn I Z n + 0 M e 2 � / \ CH2 M e / 
Me2 
Figure 18. Some exan^les of organoziiic confounds. 
In the studies of organozinc confounds, it was found that they generally played an 
i叫ortant role in organic synthesis as intermediates. Interests in this area include synthesis 
of asymmetric organozinc conq)oimds, use of the confounds as component of con^lex 
catalysts for polymerisation and their reactions with aldehydes, ketones，esters and 
ketenes. 
Organoziiic confounds of the types ZnK2 and RZnX ( X 二 halogen，OR, NR2, 
SR, etc.) are known. Methods for the synthesis of the former include the use of 
organolithium reagents, reaction between zinc and alkyl halides, Grignard reaction or 
organomercury derivatives. . 
I 
Wittig et afi reported the preparation of diphenylzinc by the use of organolithium 
derivatives. An ethereal solution of phenyl lithium (prepared from bromobenzene and 
lithium) was allowed to react with anhydrous zinc chlorides [Equation 33]. Despite the 
promising yield (65 %), the product (redistilled in high vacuum) was contaminated with a 




2 + Z11CI2 • + 2LiCl 
L — J 2 
(65 %) 
[Equation 33] 
Better result was obtained by sublimation o f the product under high v a c u u m ^ 
However, the problems of isolation and purification worsen in the case of higher diaryl 
zinc as higher tenq)erature and lower pressure were required. Hence, it was suggested^ to 
react zinc halides with .solid丨 crystalline organoHthium co—oimds. Organolithium 
prepared in this way contains no trace of diaryls, hence, pure diarylzmc can be separated 
by crystallisation. Some diaryl zinc derived by this method are shown in Figure 19. 
0-0 
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Organocadmixim conipounds were much less thoroughly investigated than those of 
zinc and magaesium because of their lower reactivity and higher toxicity. However, more 
studies have been devoted to this field in the last half decade, owing to the ease of their 
preparation well as their mq)ortaiit application in ketone synthesis. 
With reference to the structures and reactivities, organocadmium conq)oxmds 
resemble their zinc congeners. For the three types of organocadmium coiiq)ounds, viz., 
R2Cd, RCdX (X = halogen) and RCdR•，the first one was successfully prepared about 
sixty years ago and the others were prepared much later. la geaeral, the dialkyl species 
are readily oxidised in air or water, thus, they must be handled under an inert atmosphere 
while the much more stable orgauometal halides are valuable precursor to the novel 
unsymmetrical organocadmium co呼lexes. 
The synthesis of organocadmium compounds differs from that of the organozinc 
confounds because organomercury conq)ounds6-7 as well as the direct interaction of the 
metal to alkyl halides^ must be avoided. The general methods for their synthesis depend 
on the use of lithium reagents and Grignard reagents [Equation 34 and 35]. 
1 
I 
2 RMgX + CdX2 • R2Cd + 2 MgX^ 
[Equation 34] 
2 RLi + CdX2 • R2Cd + 2 LiCl 
[Equation 35] 
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By means of organolithimn conq)ounds, preparation of diphenylcadmium from 
cadmium bromide and phenyUithium has been reported by N e s m e y a n o v ^ Other cadmium 
HialkyklO such as dimethylcadmium, diethylcadmium, di-w-butylcadmium and cadmium 
diarylsll like di-o-tolylcadmium, di-p-tolylcadmium and di-/?-clilorophenylcadimuin have 
been prepared from the corresponding Grignard reagents. Nevertheless, these 
organocadmiuin confounds have not been structurally characterised. 
In general, alkylcadmium halides RCdX can be prepared by two methods; (i) from 
Grignard reagents [Equation 36]，and (ii) by the redistribution reaction [Equation 37]. 
RMgX + CdX2 • RCdX + MgX2 
[Equation 36] 
R2Cd + CdX2 • 2 RCdX 
[Equation 37] 
Example for the former type includes the reaction ofbutylmagnesium bromide with 
one equivalent of cadmium bromide, giving butylcadmium bromide. 12 w-Propylcadmiuin 
iodidel2 and pheaylcadmium iodidel^ were synthesised from redistribution reactions. It 
is noteworthy that organocadmium halides are important starting material for 
unsymmetrical conq)oimds RCdR" [Equation 38]. 
RCdX + R"MgX • RCdR"+MgX2 
[Equation 38] 
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Recent studies on the highly hindered A'-fimctionalised alkyl ligand 
NC5H4{C(SiMe3)2}-2 have shown that novel organometallic compounds for Group 2 
and 12 elements [Figure 20] 14 can be prepared. The X-ray structures of these compounds 
(except M = Hg) have shown that the alkyl ligand bonded additionally in a chelate maimer 
via the coordination of nitrogen. 
� , C ( S i M e 3 ) 2 
M 
/ \ 
p I (Where M = Mg, Zn or Cd) 
Figure 20. Structure of MR2 ( R = NC5H4{C(SiMe3)2}-2, M = Mg, Zn, Cd ). 
lu a more or less similar maimer, the objective of the present work is to investigate 
the ligand C9H6N[CH(SiMe3)]-8 (R') in the synthesis of Group 12 metal conq)lexes, 
hence, the reaction of organolitMum reagent R'Li(tmeda) (15) with MCI2 (M 二 Zn，Cd) 
will be attempted to give MR'2 [Equation 39]. 
2 R'Li(tineda) + M CI: • MR丨 2 + 2 LiCl + tmeda 
(15) 
M 二 Zn, Cd. 
[Equation 39] 
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Similar to the synthesis of tin(n) dialkyls in Chapter n，the dark blue lithium 
con^lex R,Li(tmeda) (15) is used as the transfer reagent of the ligand R' in the above 
syntheses. The metal con^lexes formed are expected to be stabilised by the N-
functionalised and bulky ligand R'. Besides, in the experiment, novel alkylcadmium halide 
R'CdCl is also expected to be prepared by a redistribution reaction or singly by an 
appropriate stoichiometric ratio of (15) to CdCl2. 
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3.2 RESULTS AND DISCUSSION 
3.2.1 Synthesis of Group 12 Organometallic Compounds 
The synthesis of the Group 12 organometallic conopounds are summarised in 
reaction Scheme 9. In the reactions between the organolithium reagent R'Li(tmeda) (R = 
CH(SiMe3)C9H6N) (15) and anhydrous metal chlorides, homoleptic dialkyl of the type 
R'2M (M = Zn and Cd) were obtained. 
In contrast, rapid reduction to metal mercury was observed when (15) was allowed 
to react with anhydrous mercury(n) chloride in several a t tes ts . Hie reaction mixture ran 
through a change of colours from deep blue, bluisb brown, dark brown and brownish 
orange mixture and finally to pale green clear solution with dark grey heavy precipitate 
(Hg). Mercury dialkyl seemed to be prepared in the course of reaction, however, due to 
its instability, prior to be isolated, rapid deconq)osition resulted*. Besides, in the context, 
we have found no reaction of (15) with an analogous Group 2 metal chloride, barium 
chloride, even at refluxmg temperature. 
The dialkylzinc conq)o皿d (21) and dialkylcadmium compound (22) prepared in 
Scheme 9 were obtained as fluorescent greenish yellow and deep yellow crystalline solids, 
respectively. They were both characterised by mass spectrometry, elemental analysis and 
iHnmr spectrometry. 
丰 Similar result was obtained in the reaction of the organolithium reagent (15) with copper (I) iodide. 
SS 
� ^ ^ \ z C � H 
‘. MegSii, Z^ SiMe^ no reaction _ c k 
A 
八 (21) 
( V ) / — a ) \ ( i i ) 
/ (15) \ � V 
Reduction ‘ Z � � 丑 
(iv) M e g S i � Cd siMe^ 
，r ( i i i ^ r ^ N ’ 
I z (22) 
� ^ ^ 
M e \ y C � H 




Scheme 9. Synthesis of Za and Cd conq)lexes by organolithium reagent R'Li(tmeda), R = 
CH(SiMe3)C9琴(15). (i) 1/2 ZnCl2； (ii) 1/2 CdCl〕； (iii) 1 CdCl2, 1 tmeda; (iv) 1 
CdCl2; (v) 1/2 HgCl2； (vi) 1/2 BaCl2； reaction conditions: ca. OX, 16h, ether as solvent. 
89 
In this study, it has been found that the use of one equivalent of (15) on cadmium 
chloride, the mixed alkyl halide R'CdCl(tmeda), R' = CH(SiMe3)C9H6N，(23) was 
obtained as rod like crystals. The metal con^lex was found to be stabilised by the 
chelation with a molecule of tmeda. Similar to those of the tin corr^lexes in the previous 
chapter, interaction from the nitrogen atom of the ligand R' was observed in the five 
membered metallo-heterocyclic ring so formed. Confound (23) is also accessible by the 
redistribution reaction between cadmium dialkyl (22) and an equivalent of cadmium 
dichloride in the presence of free tmeda. 
The presence of two chiral centres in coir5)oimds (21) and (22) is noteworthy. 
Four possible stereoisomers viz. RR, SS, SR and RS can be formed. From molecular 
models, two of the stereoisomers are sterically congested (RR and SS), and the RS and 
SR isomers are enantiomers, and hence their ^H nmr must be identical. This is consistent 
with the 1h nmr of (21) and (22)，in which two signals in the ratio of about 1 to 1 due to 
two sets of TMS groups were observed. Besides, one signal [3.17 ppm for (21); 3.11 
ppm for (22)] assigned to the CH was observed. This is probably due to the small 
difference in chemical shifts of the stereoisomers. 
In con^arison, the iR nnir spectrum of the alkylcadmium halide, compound (23), 
showed only one TMS signal. It should be noted that there is a much smq)ler pattern in 
the lower field region, indicating the quinolinyl ring protons. Besides, a very broad signal 
at 1.37 ppm was recorded for the rapidly exchanging protons in the coordinating tmeda 
molecule. 
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3.2.2 Molecular Structure：!： of [C2H^N2(CH3^4Cd(8-CH(SiMe3^CQH^N)Cn. (23) 
In the X-ray structure determination of (23) [Figure 21], the compound was found 
to crystallise in a monoclinic crystal system with space group P2]Jn (No. 14), a = 
7.853(2)A, b = 20.283(3)A, c = 14.939(3)A, p = 93.69(2)�and Z = 4. The cadmium atom 
was surprisingly found to be five coordinated in a distorted square pyramidal geometry. 
This exceeds the ordinary coordination number of two or four that commonly found in 
cadmium confounds. Selected bond lengths and bond angles are given in Table 4. 
Distance (A) 
Cd Co-ordination Oinolinvl ring 
Cd(l)-Cl(l) 2.451(2) N(l)-C(l) 1.330(8) C(5)-C(6) 1.346(10) 
Cd(l)-C(10) 2.213(5) C(l)-C(2) 1.378(11) C(6)-C(7) 1.393(10) 
Cd(l)-N(3) 2.395(5) C(2)-C(3) 1.329(11) C(7)-C(8) 1.378(8) 
Cd(l)-N(l) 2.573(4) C(3)-C(4) 1.402(9) C(8)-C(9) 1.436(7) 
Cd(l)-Cl(l) 2.462(4) C(4)-C(5) 1.412(9) C(8)-C(10) 1.467(7) 
C(9)-N(l) 1.361(7) 
Angle ( ) 
Cl(l)-Cd(l)-N(l) 95.9(1) . . Cl(l).Cd(l)-C(10) 137.7(1) 
N(l)-Cd(l)-C(10) 71.9(2) Cl(l)-Cd(l)-N(2) 95.0(1) 
N(l)-Cd(l)-N(2) 161.8(1) C(10)-Cd(l)-N(2) 108.7(2) 
Cl(l)-Cd(l)-N(3) 101.3(1) N(l)-Cd(l)-N(3) 88.0(2) 
C(10)-Cd(l)-N(3) 118.0(2) N(2)-Cd(l)-N(3) 75.6(2) 
Table 4. Molecular geometry for (23). 
• The crystal structure determination of this compound was carried out by Prof. Thomas C. W. Mak at 





























3.3 EXPERIMENTAL* FOR CHAPTER m 
Material: 
Anhydrous zinc chlorides, cadmium chloride，mercury(n) chloride and barium 
chloride were purchased from Aldrich Chemical Co—any. The preparation of the lithium 
reagent (15) has been described in Chapter I. 
Synthesis of Compounds: 
[Zn{8-CH(SiMe3)C9H6N}2]，(21) 
To a stirred solution (ca. 80 ml) ofZnCl2 (0.48g, 3.52 mmol) in ether at 0�C was 
added dropwisely a solution of (15) (2.38g，7.04 mmol) in ether (ca. 50 ml). The deep 
blue colour faded rapidly. After ca. 1 h, the light orange yellow mixture was wanned to 
roomten^erature and stirred for 8h. Filtration followed by concentration in vacuo to ca. 
50 ml and storing at -20°C for 16 h afforded greenish yellow solid of (21). The mother-
liquor was then concentrated further to ca. 5 ml and after standing at -20°C for I6h, the 
product yielded was added to the previous batch for recrystallisation. The combined 
product was dissolved in a minimum amount of ether (ca. 10 ml) and was allowed to stand 
at -20°C for several days. Pale greenish yellow (fluorescent) crystals oftlie title compound 
was obtained. Yield 0.36 g (21 %); deconq)osition tenq)erature 174-178°C (changed to a 
blood red liquid); analysis calc. for C26H32N2Si2Zii, C 63.20，H 6.53, N 5.67 %; found C 
62.78, H 6.59, N 5.47%. 
Mass spectrum (m/e): 494 [M]+ 280 [M - 199 [ R , - C H 3 ] + , 73 [SiMe3]+; 
iH NMR (C6D6, 250 MHz): 5 0.23 (s，9H), 0.45 (s，9H)’ 3.17 (s, 2H)，7.02 (dd, J 
* See Appendix I for general procedures. 
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=8.2, 4.1 Hz, IH), 7.23 (m, 4H), 7.41-7.47 (m, 5H), 7.77 (dd，J= 8.3, 1.8 Hz, IH), 8.91 
(dd,J=4.1, 1.8 Hz, IH). 
[Cd{8-CH(SiMe3)C9H6N}2], (22) 
The procedure was the same as for the synthesis of (21) with cadmium chloride 
(0.74g, 4.01 mmol) and confound (15) (2.71g, 8.02 mmol) were used. The reaction 
mixture underwent a colour change from deep blue, blackish red to brown. Deep yellow 
crystals of the title compound were obtained after similar recrystallisation and isolation. 
Yield 0.61g (28 %); noLp. 132-134�C; analysis calc. for C26H32N2Si2Cd, C 57.71, H 
5.96, N 5.18 %; found C 57.63，H 5.99, N 5.22 %. 
Mass spectrum (m/e): 200 [R'H - CH3]+ *(decoii5)osition to free ligand); 
IH NMR (C6D6, 250 MHz): 5 0.13 (s, 9H), 0.31 (s，9H), 3.11 (s, 2H)，6.22 (dd, J 
=8.2, 4.3, IH), 6.86-6.91 (m, IH), 7.20-7.41 (m, 6H)，7.59-7.69 (m, 3H)，8.63 (dd, J = 
4.2, 1.8 Hz, IH). 
[Cd{8-CH(SiMe3)C9H6N}(tmeda)a], (23) 
Method 1: 
The preparation was the same as for the synthesis of (22) with cadmium chloride 
(0.55g, 3.02 mmol) and C0nq)0und (15) (1.02g，3.02 mmol) were used. Deep yellow 
crystals of the title compound were obtained after similar recrystallisation and isolation. 
Yield 0.28g (19 %); mp. 139-142�C; 
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Method 2: 
To a stirred ether solution (ca. 30 ml) of cadmium chloride (0.22g, 1.19 mmol), 
tmeda (0.15g, 1.52 mmol) at 0�C was added dropwisely a solution of (22) (0.64g, 1.19 
mmol) in ether (ca. 20 ml). After ca. 1 h, the brown mixture was warmed to room 
tenq)erature and stirred for 8h. Filtration followed by concentration in vacuo to ca. 20 ml 
and standing at -20°C for 16h afforded conq)oimd (23). The product was dissolved in a 
minimiim amount of toluene (ca. 10 ml) and was allowed to stand at -20°C for several 
days, deep yellow crystals of the title compounct was obtained. Yield 0.31 g (27 %); nip. 
137-142°C. 
Mass spectrum (m/e): 200 [R'H 画 CH3]+, 116 [tmeda]+ (deconq)osition to free 
ligand and tmeda); 
1hNMR(C6D6, 250 MHz): 6 -0.20 (s，9H), 1.37 (s, br, 16H), 1.54 (s，IH), 6.37 
(dd, J = 8.2, 4.2 Hz, IH), 6.67-6.90 (m, 3H)，7.16-7.19 (m, IH), 8.49 ( d d， 4 . 1 , 1.7 
Hz, IH). 
* Air sensitive compound without satisefactory elemental analysis, however. X-ray structure determination 
was done [Figure 22]. 
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APPENDIX I 
1. General Procedures 
1.1 Establishment of Anvdrous and Anaerobic Reaction Media 
In the reactions leading to organometallic conq)ounds, it is essential to exclude 
oxygen and water. Hence, these e^eriments were performed under an atmosphere of 
pure nitrogen (industrial grade). Standard schlenk teclmique was enq)loyed in which the 
inert gas was distributed through a "vacuum line" (gas-distribution/vacuum two way 
manifolds) [Figure 22]. 
r s 
晶 I i 
L M _ ——^ 
N抽 r - 1 
B K ) 
^ 
Figure 22. Nitrogen distribution from vacuum line. A, vacuum pimq) (Edwards, two-
stages); B, nitrogen cylinder; C，tube of drying agent; D，two-way stopcorks. 
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The Schlenk apparatus, after assembly*，was flamed-out under vacuum and filled 
with nitrogen three times prior to use. Bunsen burner or hot gun up to 500°C is suitable 
for the purpose. 
1.2 Filtration and Isolation 
When precipitation occurred during reaction, it was filtered through a sinter glass 
frit with groimd joints at both ends. By counter-balancing with nitrogen pressure, the 
fitrate was passed from the reaction mixture to another schlenk. However, other 
variations offitration have also been used. 
To isolate solid air-sensitive confounds from sovent, the Schlenk of the mixture 
and another einpty schlenk were firstly sealed with rubber septa. With N2 pressure 
balancing, cannula (with both pointed ends) was then used to siphon the supernatant off 
the settled products. 
1.3 Solvents -丨 
Hie solvents used were of reagent grade which had been freshly distilled under 
nitrogen prior to use. The drying agents used for each solvent is given in Table 5. To 
ensure no traces of oxygen presence, solvents were commonly freezed for degassing at 
least three times just before use. 
• I f j o i n t s w e r e p r e s e n t , they should be treated sparingly over the upper half of the joint w i t h ^ l i c o n e 




Solvent Drying Agent (Indicator� 
•S - . 
Benzene Sodium metal 
Ether Sodium metal (benzophenone) 
Hexane Calcium hydride 
Pentane Sodium metal 
Toluene Sodium metal 
Tetrahydrofuran Sodium metal (benzophenone) 
• . -
Table 5. Drying agent for solvents. 
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2. Physical and Analytical Measurements 
2.1 Microanalyses 
Elemental analyses for C, H, N were performed by MEDAC Ltd.，Department of 
Chemistry, Brunei University, Uxbridge, Middlesex, U.K UB8 3PH, telephone (0895) 
811538. 
2.2 Melting m6 ttniling Points Measurement 
Melting points were determined in sealed capiUary tubes containing a nitrogen 
atmosphere, hence, it is uncorrected for atmospheric pressure. Boiling points were 
measured and recorded at the reduced pressure stated. 
2.3 Spectroscopic Measurements 
Proton and 13c nuclear magnetic resonance spectra were recorded on a JEOL 
PMX-60 (60 MHz) NMR spectrometer and/or a Broker 250 WM (250 MHz) NMR 
spectrometer. Chemical shifts are reported as parts per million (ppm) downfield from 
tetramethylsilane in 5 units. Internal TMS group or signal from CeT>e (5 7.24 in 1H mm 
spectrum) or CDCI3 (6 7.15 in 1h nmr spectrum) was used for calibration of the signals. 
Mass spectral (MS) data were obtained on a VG 7070F mass spectrometer. 
Fragmentation data are reported as m/e ratio. 
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APPENDIX II 
l ist of Selected 1H nmr Spectra: 
S-Methylquinoline Figure 23 
Confound (8) Figure 24 
Conq)oimd (11) Figure 25 
C0n]5)0imd (17) Figure 26 
Confound (19) — Figure 27 
C o — o皿d (20) Figure 2 8 
Compoimd (22) Figure 29 
C0ir5)0iHid (23) Figure 30 
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